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ESEARCH to us is so important that it might 
be described as both the foundation and the frame- 
work of everything we build. It goes far back and 
looks deep into the future. Trends are studied long 
before many are aware that such trends exist. In 
this way we are often able to anticipate demand 
for new gear by many years and organise our 
facilities to meet this demand. Co-ordinated re- 
search is necessary on every component. 

\ very good example of this may be found in air 
blast switchgear. The initial design of our first air 
blast gear was completed and a prototype built 


and tested in 1926. Between that date and 19-43, 





when the demand for air blast began, our research 
departments were working continuously on all the 
problems involved. The years of co-ordinated 
research between initial design and commercial 
production makes for thoroughly reliable gear. 

Our primary concern is designing and producing 
switchgear, so if you have any transmission or 


control problems, why not talk to us. 


If you want to talk switehgear 
---falk to Reyrolle 


A. REYROLLE & COMPANY LIMITED - HEBBURN - CO. DURHAM 
CRC 2758 
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Irs a tough job erecting lines and towers across the mountains, valleys and jungles 
of Ceylon. But BICC Engineers are used to work of this nature : they have recently 
completed the overhead transmission system for the first stage of the Laksapana 
Hydro-Electric Scheme. This comprises seventy-eight miles of double-circuit 66kV 
line to carry 25,000 kW of power to Colombo and Peradeniya. 

Survey, siting, supply and erection of this transmission system 
were all carried out by the BICC group—who undertake similar 





installations anywhere in the World. 
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BRITISH INSULATED CALLENDER'’S CABLES LIMITED Men 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 BH 
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The Rhone Scheme 


ACKING reserves of coal that are comparable 

with other leading industrial nations, or that are 

at all commensurate with her economic require- 
ments, France has necessarily been a pioneer in the 
development of water power, of which, fortunately, 
she has comparatively rich reserves. French water- 
power potentialities, however, would have been of 
little avail without those qualities of courage, in- 
genuity, resilience, and refined technical ability for 
which the French people have always been notable 
and it is not surprising therefore that some remark- 
able feats of engineering in the hydro-electric field 
have been accomplished. A recent and most outstand- 
ing achievement is the immense works at Génissiat, 
on the Rhéne near the Swiss border, where the in- 
stalled plant potential reaches half a million horse- 
power, producing 1,690 million kWh per annum. 

But the larger development scheme envisaged for 
the Rhéne goes far beyond the exploitation of a few 
of the more favourable sites; nor, indeed, is it re- 
stricted to meeting power requirements alone. The 
scheme in its entirety has three inter-related objec- 
tives: to increase the output of electrical power, to 
improve the navigational facilities of the river which 
is swift running and subject to floods, and to attain 
higher agricultural production by means of a greatly 
extended system of irrigation. When these develop- 
ments are completed there will be no less than twenty 
power stations on the Rhéne between the Swiss bor- 
der and the Mediterranean, with an installed capacity 
of 24 million kW, producing, on average, some 13,000 
million kWh per annum. 

As yet, of course, this programme is far from be- 
ing fulfilled, but notable progress has been made. 
Apart from the power station and storage dam at 
Génissiat, a compensating dam has been built at 
Seyssel with provision for a 45,000 kW installation; 
an industrial port has been constructed just down- 
stream of the city of Lyons; the canal below Lyons 
has been greatly improved for navigation; irrigation 
works have been provided; extensive transmission 
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lines have been erected to carry power as far distant 
as Paris; and finally the Donzére-Mondragon section 
has been opened, incorporating a 17 mile length of 
canal and the erection of an intake-cum-reservoir 
dam at the upstream extremity of the canal and the 
construction of a power station at Bollene. This 
station, the André Blondei, is equipped with six 
50,000 kW capacity variable pitch propeller sets, each 
capable of taking 9,000 cusecs. and yielding, in 
total, an output of 2,000,000 kWh per annum, half 
of which will be produced in winter—the critical 
period for hydro power derived mainly from per- 
manent snowfields. 

The dependence of France on imports of both coal 
and oil has naturally influenced transport develop- 
ments, and railway electrification has in consequence 
made great strides, particularly in the post-war years. 
The energy potential of water power has increased 
by one half in the last five years and today no less 
than 2,672 miles of tracks have been electrified, 
among the main lines to be recently completed being 
that between Paris and Lyons on which 120 trains 
pass every day. On this line, let it be added, the new 
electric locomotives are allowed a running time of 
4 hr. 15 min. to complete a journey of 318 miles. This 
reduced the time per iourney between these two im- 
portant centres by 1 hr. 5 min. compared with the 
1939 schedule, and the average speed of the train, 
77 m.p.h., has become the fastest in Europe. What 
is equally important is that on this particular line 231 
electric locomotives have been sufficient to replace 
the 600 steam locomotives formerly used, with a cor: 
responding economy in operating personnel and main- 
tenance costs. Already general electrification in 
France has resulted in a saving of three million tons 
of coal per annum, and the recent developments on 
the Rhone will now make it possible to extend elec- 
tric traction between Lyons and Marseilles, so that 
Paris will eventually be directly linked up electrically 
with the Mediterranean coast. 

On the occasion of the official opening on October 
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26 in the presence of the diplomatic representatives 
of many nations, President Auriol stated that these 
great new works were symbolic of the recovery of 
France since the war. Such an achievement, he added, 
gave France the right to assert her place in the world 
and were sufficient to refute any impression that she 
was old and tired. French economy, he pointed out, 
now possessed greater means of production than at 
any time in her long history and gave ample assur- 
ance of the inherent strength of a nation which had 
shown such astonishing resilience after a harsh and 
disrupting experience. “It is true,” he concluded, 
“that the Marshall plan has been of assistance and 
has frequently been mentioned, but what is apt 
to be forgotten was that the defence of freedom in 
Indo-China has already cost France about double 
what has been received in economic and military aid, 
quite apart from our irreparable human losses.” 

M. Herriott, who also spoke, referred to the fact that 
France, on the morrow of a war which had ruined 
her materially and financially, had conceived and per- 
formed this titanic task, thus proving that her ener- 
gies, her technical skill, her will power, and her moral 
fibre had been stimulated rather than impaired by 
her cruel experience. 


Water Power in Iceland 


Goop progress is being made with the two 
Icelandic installations, totalling 53,500 h.p., for Sogs- 
virkjun and Laxavirkjun which are scheduled to open 
late next spring. Situated at the Iru Falls on the Sog 
River, the Sogsvirkjun project will serve the capital 
city of Reykjavik 32 miles away. The foundation is 
being laid for two Westinghouse 21,000 h.p. water- 
wheel generators which will be installed in a power 
house 115 ft. underground. Water for the turbines will 
flow through two penstock shafts sunk vertically in 
the lava rock. The power will be utilised in a nitrogen- 
phosphate fertiliser plant now being built at Reykja- 
vik, capable of manufacturing 6,000 tons a year, and 
for domestic supply, electricity being in great demand 
because of the island’s unfortunate lack of wood and 
coal. 

The Laxavirkjun station is being constructed at 
Bruar Falls on the Laxa River in the north-east. Here 
an 11,500 h.p. generating unit will supply power to 
Akureyri, which is an important textile and fishing 
centre. Welds on the steel penstocks for this station 
are being inspected with the aid of a Westinghouse 
150 kV industrial radiographic X-ray unit, which will 
subsequently be turned over to a hospital in Akureyri 
for superficial-therapy work. 


Portuguese Colonial Projects 


In the Portuguese West African colony of Angola 
there are at present three hydro-electric projects in 
the course of construction, and one of them is ex- 
pected shortly to be in commission. This is the 
Mabubas project on the River Dande, north-east of 
Luanda. The plant was constructed with the aid of 
American funds and with the employment of Ameri- 
can equipment. Further south, contracts have been 
placed for the 38 million kWh scheme on the River 
Catumbela, where a dam and power plant is to be 
erected at Biopio. The third project has not yet been 
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commenced, but tenders have been requested for the 
construction of a bridge-dam at Matala on the upper 
Cunene River, east of S4 da Bandeira. 

The six-year plan for National Development pro- 
vides for an allocation of approximately £125,000 for 
a study of the hydro-electric potentialities of the 
Duque de Braganza Falls on the Cuanza River. 


Saving Steel and Cement 


By redesigning part of their Glen Moriston hydro- 
electric scheme the North of Scotland Hydro-Electric 
Board have been able to save about 1,400 tons of 
steel and 25,000 tons of cement, materials which have 
both become scarcer since the scheme was published 
in 1948. The original scheme proposed the construc- 
tion of four reservoirs and five power stations; in 
lower Glen Moriston there were to be a small réser- 
voir, aqueduct and power station at Dundreggan, a 
larger reservoir from which water was to be led by a 
tunnel two miles long to a power station at Inver- 
moriston, and a subsidiary power station at Livishie. 
Construction was delayed by the Government’s 
restriction on capital investments and the Board’s 
engineers have taken this opportunity to examine 
their plans with a view to saving scarce materials. 
It has now been decided to dispense with the lower 
dam, the aqueduct and the original power station at 
Dundreggan. The station which was to have been 
built at Invermoriston will now be built underground 
almost vertically below the Dundreggan dam with 
the turbines discharging into a tunnel leading to Inver- 
moriston. The subsidiary generating station which, 
under the original scheme, was to have been situated 
at Livishie, near the lower Moriston dam, will now 
be situated above the Dundreggan dam with the 
turbines discharging into the new loch formed by it. 
Nor will it now be necessary to construct a 132,000 V 
line between Dundreggan and Invermoriston. 
These changes will be carried out without any effect 
on the annual output of the scheme which is estimated 
to be about 214,000,000 units of electricity. In upper 
Glen Moriston, where there will be two reservoirs 
and two power stations, work has begun on the con- 
struction of dams at the outlets of Loch Cluanie and 
Loch Loyne and the driving of the tunnel from Loch 
Cluanie to a power station near the Ceannacroc. 


Swedish Orders 


Orpers in hand by Swedish electricity firms 
include two which in their respective fields are claimed 
to be the largest in the world. For the Laseleforsen 
hydro-electric station at Angerman river, two pro- 
peller turbines rated at 90,000 h.p. under a head of 
170 ft. are to be manufactured by Nydqvist & Holm. 
In terms of output these turbines will probably be the 
largest installation of their kind in Europe. The 
Laseleforsen plant is being built by the Swedish State 
Power Board and is scheduled for completion at the 
end of 1956: 


Fishermen versus Dam Builders 
WE have heard from time to time of objections to 


the building of hydro-electric plants: we have also 
recorded the care that has been taken by various 
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hydro-electric authorities to ensure that fishing rights 
and other amenities are not injured by hydro-electric 
projects. We do not recall having previously heard 
of a case such as that in Oregon, U.S.A., where the 
aptly-named Pelton dam project on the Deschutes 
River has been held up by very strong opposition 
from the Fishing Commission of Oregon and the 
Oregon State Game Commission. Nevertheless, this 
is the case, and although the Federal Power Com- 
mission had already issued a licence for this 108,000 
kW $22-1 million power project, the Oregon State 
Hydro-Electric Commission appears to favour the 
claims of the fishermen and 
hunters to the exclusion of those 
of the Portland General Electric 
Co., who wish to construct the 
power plant. 

In at least one American water 
power installation, among those 
constructed by the T.V.A., there 
has been much commendation for 
the greatly improved natural 
amenities which have resulted 
from the construction of the dam 
and the creation of a new and 
beautiful artificial lake; but per- 
haps it is too far from Oregon to 
the Tennessee Valley for this to 
be generally known. 


Glen Affric Opening 


On Monday, October 13, the 
Duke of Edinburgh formally 
opened the Affric Project’ by 
giving the signal from the control 
room for one of the three 22 MW 
alternators to be started up in the 
new Fasnakyle power station. 

The people of the local glens 
and other parts of the Highlands, 
Scottish industrialists and farmers, the chairman of 
the National Trust for Scotland, representatives 
of the Universities and Engineering Institutions 
and of the Society for the Preservation of Rural 
Scotland, and men and women who had contributed 
to the construction of the scheme joined with mem- 
bers of the Hydro-Electric Board to take pride in their 
immediate achievement and to think of its wider 
influences. The achievement was there for all to 
admire: two roads, a power station, two dams, a new 
village, and for those who had been able to go under- 
ground in the early stages of the work, large tunnels 
and control works; the scars on the hillsides soiled 
and grassed over, the structures offer testimony of a 
skill and care which have not, in our experience, been 
surpassed. 

In his introduction, the Board’s chairman, Mr. 
Thomas Johnston, spoke of the benefits of the scheme 
to the local people. There was abundant power to 
assist them in their homes and on their farms, making 
rural life more attractive and reversing the trend of 
depopulation; there was the benefit to all who lived 
between Glen Affric and the sea due to the reduction 
in flood intensities—a result of the two new dams. 


1 ** The Glen Affric Scheme,”” Water Power, Vol. 4, No. 5, May 1952, 


pp. 185-191, 195; No. 6, June 1952, pp. 224-232; No. 7, July 1952, 
pp. 270-274. 
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The Board were paying greatly increased rates on the 
areas of Glen Affric and Glen Cannich, and this new 
wealth from electric power would benefit all local 
authorities. 

The Duke of Edinburgh had visited Benevean dam 
and the newly raised Loch Benevean before he arrived 
at the Fasnakyle generating station. The glen showed 
its autumnal mood: showery grey skies hung over the 
burning colours of bracken and heather surrounding 
the new reservoir. It was, therefore, natural that the 
Duke should start his speech by a reference to the 
beauty of the scenery, and he gave much satisfaction 





The Glen Affric Opening Ceremony: The Duke with Mr. Thomas 
Johnson, Mr. T. Lawrie and Mr. G. Stuart Oliver 


to all concerned when he congratulated them on their 
efforts to preserve the character of that lovely part of 
the Highlands. 

His Royal Highness then went on to speak of the 
difficulties which we, as a nation, are facing at present 
and of our need for abundant cheap power. Compared 
with his British counterpart, the average American 
worker had between three and four times the horse- 
power at his elbow. Although coal provided 94 
per cent. of all industrial power, alternative and 
cheaper sources of power were necessary. Hydro- 
electricity was one alternative, and any new expansion 
should be welcomed as another step towards the 
recovery of our prosperity. “ More power for industry 
and more power for agriculture—and the price?” he 
asked. “Two dams which will soon merge into the 
background, and quite an attractive stone power- 
house.” And then the thought, “Just imagine if coal 
had been found under this ground !” 

The Duke then inspected the new power-station and 
spoke to representatives of the men engaged on the 
construction and operation of the scheme. He left 
behind him a gathering proud to have taken part in 
this ceremony and to have received his assurance that 
great credit was due to the engineers, architects, con- 
tractors and all the other people who had laboured 
so well to bring the scheme to a successful conclusion. 
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The Pykara and Moyar 


Power Development—II 


By R. DORAI RAJAN 


This scheme, 


which has attracted considerable attention in 


India and other countries and which has been responsible for 
industrialisation of several districts of the Madras State, is 
now rapidly approaching completion. 


HE Moyar Hydro- Electric Scheme, which is 

expected to be completed in December 1952, is 

being developed as a part of the Pykara extension 
and will utilise the tail waters of the Pykara station 
over a total drop of about 1,280 ft. This drop takes 
place over a distance of ten miles and the power 
station will be situated in a gorge cut by the Moyar 
river, a tributary of Bhavani, running through one of 
the wildest jungles in India and 
dividing the Nilgiris and _ the 
Mysore state. In conjunction with 
the Pykara plant it will meet the 
additional demand for power and 
help to tide over the acute power 
shortage experienced during the 
past five summers owing to the 
failure of seasonal rains. The 
scheme is designed for full de- 
velopment and will have an 
installed capacity of 36,000 kW 
with three generator sets. 

A diversion weir on the Glen 
Morgan stream below the junction 
of the Pykara tail race has been 
constructed and the water diverted 
to a channel called the Singara 
flume, which takes it to the water- 
shed drained by the Avarihalla 
stream. This stream empties itself 
into the Maravakandy reservoir, 
six miles distant, formed by a 
masonry-cum-earthen dam at 
Masanagudi, called the Marava- 
kandy dam, whence the water is 
again led by a contour aqueduct 
to the Moyar forebay and then 
dropped down the Moyar Gorge 
to the power station. 

The weir diverting the tail 
waters to the Avarihalla course 
is 210 ft. long with an overflow 
section of 84 ft. long and 12 ft. 
6 in. below the top level. It is fitted 


Fig. 15. Diversion weir under 
construction near Pykara power 
house 


Fig. 16. Control gate, Moyar 
forebay, under construction 
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with a scour sluice 10 ft. long and 6 ft. high in addition 
to two main sluices 8 ft. high and 5 ft. wide. 

The Singara aqueduct has a bed width of 23 ft. and 
is 6,600 ft. long: it has a capacity of 420 cusecs and 
discharges into the Maravakandy reservoir. When full 
supply is maintained the depth of water will be 5 ft. 
6 in. The Maravakandy dam, 725 ft. long, has a 
150 ft. masonry spillway in the centre and corewalls 
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on sides filled in with earth; it is 
40 ft. above the deepest bed level 
of the river and 80 ft. 6 in. above 
the deepest part of the founda- 
tions. A scour sluice 9 ft. square 
is fitted 2 ft. 6 in. from bed level, 
and two main sluices each 5 ft. 
square are located at bed level. 
The spillway is designed for a 
maximum discharge of 11,000 
cusecs with a depth of 7 ft. 6 in. 
over the crest. The reservoir has 
a natural catchment of 8 sq. miles, 
a waterspread of 91 acres and a 
capacity of 28 million cu. ft. 

The water thus stored will be 
conveyed by the Moyar flume, 
22,500 ft. long, with a carrying 
capacity of 460 cusecs, to the 
Moyar forebay, situated on the 
edge of the Moyar Gorge and 
having a capacity of 6 million 
cu. ft. The forebay is being formed 
by bunding up the sides with a 
combination of masonry, concrete 
and earth with a view to economy 
and to suit the nature of the 
ground. The length of the earthen 
bund is 1,300 ft., that of the 
masonry and concrete structures 
about 1,000 ft. and the length of 
earthbund foreshore about 1,840 
ft. A spillway 136 ft. long and 
capable of discharging 480 cusecs 
at a depth of 13 in. is also 
provided. 





Fig. 19. Moyar power house construction 
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Fig. 17. Singara flume under construction 


Fig. 21. Showing full extent of the Moyar gorge and 


18. Penstocks leading from surge tower, Moyar pipeline 





Fig. 22. Overflow section of the Maravakandy dam 
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Each of the turbines is a 18,000 
h.p. two-jet impulse vertical-type 
pelton wheel manufactured by 
Boving & Co. Ltd., with a speed 
of 428 r.p.m., coupled to a Metro- 
politan-Vickers 14,100 kVA 0°8 
p.f. 12,000 kW 3-phase, 50 cycle 
generator. The 15,000 kVA 3- 
phase, 50 cycle 11/110 kV trans- 
formers were also of Metrovick 
manufacture while The English 
Electric Co. Ltd. supplied the 
switchgear. 

The power house is situated 
about 1,650 ft. above sea level and 
is 154 ft. long by 57 ft. 9 in. wide 
internally. Additional transmis- 
sion and distribution lines will be 
constructed as and when required. 
The tail water joins the Moyar 


Fig. 24. Section of the 7 ft. dia. pipeline taking off from Moyar forebay River just below and is utilised 





Fig. 25. The Moyar forebay 


A draw-off gate 7 ft. diameter 
is installed for letting water 
through a 7 ft. internal diameter 
mild-steel pipe manufactured on 
site from Tata steel plates. This 
low-pressure pipe is about 640 ft. 
long from the forebay gate to a 
differential type surge tower 
having an outer shell 20 ft. 
diameter and 53 ft. high and fitted 
with a riser 7 ft. in diameter. 

Three penstocks, each 45 in. 
diameter at the top and 42 in. at 
the bottom are taken off the surge 
tower and lead to the power 
house. They are 2,872 ft. long and 
traverse the southern wall of the 
gorge, a parallel haulage track 
being provided and operated by 
two winches supplied by M. B. 
Wild & Co. Ltd., Birmingham. 
Ten concrete anchors hold the 
penstock in position. Each pen- 
stock is designed to discharge 150 
cusecs and is controlled by a 
rotary valve at which point the 
water pressure is 520 Ib. per sq. 
in. The total amount of steel 
involved in the surge tower and 
penstock is about 2,200 tons, 
costing Rs. 35 lakhs, the approxi- 
mate cost per ton being Rs. 1,600. 
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for irrigation from the Lower 
Bhavani reservoir 17 miles downstream. As a point 
of interest one cu. ft. of water per second at the Glen 
Morgan forebay develops 200 kW at the Pykara 
station and 80 kW at the Moyar station before being 
used for irrigational purposes. 

Formidable constructional problems were encoun- 
tered, the terrain being in a very wild jungle region 
infested by wild animals, and the transportation of 
heavy machinery was also a very arduous task. Much 
difficulty, too, was experienced in attracting labourers 
to work in a malarial area. All these problems were 








Fig. 26. Generators in course of erection, Moyar power house 
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Fig. 27. Lower Bhavini dam during construction showing penstocks 


overcome by engineers with resource and ingenuity. 

When completed, the three stages of the Pykara 
and Moyar development will have cost over Rs. 
120,000,000 but contribute to the rapid industrialisa- 


tion of several Tamil districts, particularly Coimbatore, 
which is a leading textile manufacturing centre second 
only to Ahmedabad and is known as the Manchester 
of South India. 





Book Review 


Problems of Power Transmission at Voltages above 
225 kV, by Francois Cahen, Director of Research, 
Electricité de France and Professor at IlEcole 
Supérieure de Electricité. Published by The British 
Electrical and Allied Manufacturers’ Association 
(Inc.), 36 and 38 Kingsway, London, W.C.2. 1952. 
Price Ss. 

The growing importance of extra-high voltage trans- 
mission both for the bulk transport of energy and for 
grid interconnection is now receiving very detailed 
attention and the possibility of installing lines for 
voltages up to 380 kV has been demonstrated by the 
inauguration of the 600 mile Swedish line earlier this 
year. Other countries are also building lines that will 
eventually be operated at similar voltages. 

These developments lend added interest to the pub- 
lication, in book form, of the notable series of lectures 
on the special problems associated with extra-high 
voltage techniques, which were delivered by Professor 
Cahen to the University of London. In this, Professor 
Cahen first explains why transmission voltages have 
always tended to rise and then goes on to consider 
the factors which govern the choice of new voltage 
levels. He next surveys the principal problems which 
confront system engineers when extra-high voltages 
are employed, and comments on the layout and opera- 
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tion of systems operating at such voltages. This is 
followed by a detailed analysis of the important prob- 
lem of power losses due to corona, and the influence 
of conductor diameter, surface condition, and weather 
on corona are studied on both single and three-phase 
lines. 

The relative advantages of using a single large 
diameter conductor or multiple conductors are con- 
sidered theoretically and then compared with the 
results of practical tests carried out in various 
countries. There is also a section on radio interference. 
Finally, Professor Cahen studies the effect of over- 
voltages and surges due both to internal and external 
causes and surveys the latest theories concerning pro- 
tection and co-ordination of insulation. 

The booklet is very well produced and contains 25 
half-tone illustrations, 20 line drawings and 30 graphs, 
in addition to tables and a list of references. 





Surge-Tank Stability. In the article by Dr. Charles 
Jaeger published under this title in our September 
1952 issue, the omission of the word “and” in a 
sentence at the top of page 335, line 5, column 1, has 
given rise to some ambiguity. As it appears this 
sentence reads: H is the gross head Z, (negative) the 
total friction loss in the tunnel. The sentence ought, 
of course, to have read: H is the gross head and Z, 
(negative) the total friction loss in the tunnel. 
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Fig. 1. General view of Lower Station 





The Lower White River Scheme—II 


J. W. Bailey, M.LE.E., and P. H. Sutton, Grad.I.Mech.E., Grad.I.E.E., 

both of Ewbank and Partners Limited, continue the story of this 

interesting Jamaican scheme by describing turbines and electrical 
components and discussing the protective devices and controls. 


T the point of entry to the power station, the 
A steet pipe is connected to the main inlet valve by 

means of a template pipe and admits water to a 
vertical Francis turbine driving a 4,750 kW generator. 
The machine operates at 6,900 V, has a frequency 
of 40 cycles per second and feeds into the island 
69 kV system through 6-9 kV switchgear and step-up 
transformers. 

The 69 kV system connects the hydro-electric 
stations in the north of the island with the steam 
station in the Kingston area in the south where the 
bulk of the demand for electricity supply lies. It con- 
sists of one single-circuit line and is about 45 miles in 
length from the White River stations to Kingston. 
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As stated the system frequency at present is 40 
cycles but it is possible that it will eventually be 
changed to 50 cycles. In preparation for this the 
company is now installing plant which is suitable for 
both frequencies and the plant at the new station has 
been designed so that the minimum of alteration will 
be required should the change take place at a later 
date. 

Other considerations which had to be taken into 
account were the limited facilities for handling heavy 
machinery in the Kingston docks, the 60 miles of 
tortuous and narrow roads over which it would 
have to be transported across the island and the 
limitations imposed by a sharply bending tunnel 
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on a steeply inclined approach road to the station. 


Turbine 

The turbine, alternator and auxiliary plant were 
supplied by The Harland Engineering Co. Ltd. The 
turbine has an output of 6,700 h.p. at a speed of 
480 r.p.m., with a net head of 378 ft. and a water 
flow of 180 cusecs. This output will also be obtained 
at 600 r.p.m., when the generator has to be driven 
at this speed for 50 cycles frequency. 

The scroll case, approximately 140 in. diameter 
overall and fabricated in one piece, is bolted directly 
to the main inlet valve and is embedded in the mass 
concrete comprising the power station foundation 
block. During the construction of the station and 
before the arrival of the scroll case, a hole was left 
for it to be installed on 17 





two push-pull rods. Constructed of stainless cast steel 
the runner is fixed below a single guide bearing of 
the pad-type. As a precaution against cavitation and 
turbulence in the draught tube under light-load con- 
ditions, air is admitted into the eye of the runner at 
a rate dependent on the load, the opening being 
determined by the position of the gates. This has been 
found to give steady conditions in the draught tube 
and the tailpit. 

Conical in shape, the draught tube is 17 ft. in depth, 
the upper part of the cone being lined with steel and 
the remainder formed in concrete projecting into the 
tailpit at the bottom. The tailpit does not comprise 
a continuation of the draught cone but is rectangular 
in cross-section and has a flat roof and floor. Grooves 
provided on each side of it and external to the station 


F 








concrete pillars. Owing tothe ¢¢ = 





high floodwater level, the # 
generating floor is 18 ft. 
above the turbine floor level 
and special consideration had 
to be given to keeping all 











essential electrical apparatus i 
above the flood level. 4 
Water is admitted to the a 


runner by wicket gates turned 
by links from a gate operating 
ring. One link with each gate 

is designed to break if an 2 
obstruction prevents the gate} 
from closing. The ring is 
actuated by the governor, on 


the operating floor some 15 
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ft. above the turbine floor, 
through a vertical shaft and 
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enable stop logs to be dropped in 
when it is desired to drain the 
draught tube and tailpit for 
inspection. 

The tailrace level is normally 
maintained by a pool below the 
station from which the water 
spills over to the river bed. How- 
ever, as previously mentioned, 
account had to be taken of ex- 
ceptional flood conditions rising 
35 ft. above norma! tailrace level, 
which fixed the position of the 
operating floor. This necessitated 
a long shaft between turbine and 
generator but did not involve the 
use of an intermediate bearing. 
There is a guide bearing below 
the alternator, bolted to the 
bottom bracket and with this 
arrangement the critical speed of 
the shaft is kept above the run- 
away speed of the machine. 

The main inlet valve, with a 
bore of 36 in., is of the smooth- 
bore plug type with its centre line 
horizontal, and is opened and 
closed by a 4 h.p. electric motor 
driving through a headstock on 
the operating floor and a 16 ft. 
vertical shaft. The first movement 
of the plug is to unseat itself, by 
travelling horizontally, followed 
by a turn through 90° to the fully 
open position, and finally by a re- 
seating movement. Switches for 
interlocking purposes are mounted 
on the headstock which carries 
a hand wheel for emergency 
operation. 


Alternator 
The alternator, driven by the 
turbine through an intermediate 
shaft with couplings just below 
Fig. 3. Alternator rotor being lowered into position the generator and above the 
L 
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Fig. 5. The combined thrust and upper guide bearing 
being assembled above the alternator 


turbine, has an output of 5,600 kVA at 0°85 p.f. and 
6,900 V. Carrying the whole weight of the rotating 
parts and the hydraulic thrust on the turbine, the 
stator rests at operating floor level on a reinforced 
concrete foundation, supported by four concrete 
columns standing on the main foundation block of 
the station. The thrust bearing is above the stator on 
the top bracket and, in common with the other bearings, 
is of the Michell pad-type, self-lubricating and water 
cooled by pipe coils within the bearing shell. The 
cooling water is drawn from the scroll case through 
a pressure-reducing valve and duplex strainers, 
making it possible to clean them without interfering 
with the flow to the bearings. A flow relay is incor- 
porated in the cooling water circuit of each bearing 
to give warning of a failure in the supply of water. 
The direct-coupled exciter is mounted above the 
thrust bearing and is provided with a fan on the shaft 
to circulate its own cooling air. The slip-rings and a 
permanent magnet generator, which produces three- 
phase current at 150 V and 15 cycles for driving 
the flyball governor, are mounted above. Incorporated 
in the permanent magnet generator are speed switches 
for interlocking purposes and overspeed protection. 
The rotor has ten poles which are dovetailed into a 
hub constructed of solid steel for increased moment 
of inertia. Fans are mounted above and below to draw 
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in cooling air from outside and drive it out hori- 
zontally through the stator frame and into surrounding 
ducting which conveys the resulting hot air out of the 
building. 

Brakes, for bringing the machine to rest by pressure 
on the machined under-surface of the rotor, are of 
the piston type and are operated from the governor 
oil system through a pressure reducing valve. A 
solenoid valve admits or releases the oil and when 
required the brakes can be used as jacks, actuated 
by oil from a hand pump. 


Auxiliaries 

The governor was manufactured by the Woodward 
Governor Company of the U.S.A., and is mounted 
on the operating floor independently of the turbo- 
alternator. It is of the oil-servo type with a horizontal 
actuating piston working through a cross-head and 
bell crank mechanism to turn the gate operating shaft. 
It is provided with load limiting and 0—S per cent. 
speed droop adjustment devices, and whereas normally 
speed adjustment is effected by a small electric motor 
controlled by a switch on the control panel, means 
are also provided for the governor to be operated 
manually if desired. A brake is automatically applied 
to the mechanism to hold the gates closed when the 
machine is shut down and is automatically released 





Fig. 6. Turbine runner and shaft at maker's works, 
with alternator in background 


WATER POWER _ December’ 1952 














ee  — — ——l( ll — lL! ee 











Fig. 7. Turbine mechanism with self-pumping water-cooled bearing 


when starting. The governor is 
brought into action by energising 
an electric solenoid valve which 
admits oil into the servo system, 
and cam operated limit switches 
are fitted to provide interlocking 
contacts in the control circuits. 
The oil for the governor is sup- 
plied at 220 Ib. per sq. in. pressure 
from a rotary gear type pump, 
driven by a 3 h.p. motor, with an 
air receiver providing a pressure 
reservoir which would enable the 
governor or generator brakes to 
continue in action for a period if 
the pump stopped. A _ cut-out 
valve automatically maintains 
pressure in the receiver, and a 
pressure failure switch is fitted to 
operate protective devices should 
such a failure occur. 

A 14 hp. electrically driven 
pump in the basement, auto- 
matically controlled by No-flote 
electrodes in the sump, discharges 
leakage and turbine bearing cool- 
ing water from the station. 

A 25-ton hand-operated crane 
on a gantry above the operating 
floor provides for lifting heavy 
parts of the plant while a 5-ton 
auxiliary hoist has a chain long 
enough to reach the turbine floor 
for dismantling the main valve 
and the turbine. 


Switchgear 


The alternator feeds into the 
Fig. 8. Assembiing the exciter components switchgear made by the English 
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Electric Co. Ltd., and is connected 
directly to the bus-bars. The whole 
of the high-voltage equipment and 
control apparatus is housed in 
sheet metal cubicles making up 
one switchboard. It is comprised 
of two rows of cubicles, bolted 
back-to-back, circuit breaker, bus- 
bars, voltage transformers, 25 
kVA auxiliary transformer; other 
6,900 V equipment is at the rear, 
while field control equipment, 
relays, turbine gauges and instru- 
ments are in front. The face of 
the front row of cubicles is 
arranged as a relay panel, control 
panel and turbine gauge board. 

The high voltage section of the 
switchgear is arranged so that the 
cables from the machine come in 
at one end, the voltage trans- 
former, circuit breaker and 
auxiliary transformer being in 
separate cubicles and connected 
to the bus-bars through isolators, 
interlocked so that access to these 
cubicles is only possible with the 
isolators in the open position. 
There are surge arrestors and a 
condenser at the alternator end of 
the bus-bars for protection against 
surge voltages. 

Control equipment provides for 
non-automatic and automatic 
starting and stopping of the machine, together with 
operational control locally or by direct wire remote 
control from the Upper White River station. The 
relays and contactors for the automatic sequences are 
contained in one cubicle with protective relays on the 
front. In the cubicle next to it are contained the 
telephone-type remote control relays with electrical 
instruments, the control switches and the alarm facia 
mounted on the face. The adjacent panel carries the 
turbine gauges. In this way a convenient centralised 
arrangement is achieved from which a single operator 
can supervise all operations and watch the instrument 





Fig. 9. View of finished generator unit 


indications of the plant’s behaviour. The only other 
cubicle in the front is devoted to alternator excitation 
circuits and contains the automatic voltage regulator, 
exciter field rheostats, and the field-suppression circuit 
breaker. 

Automatic circuits and the circuit-breaker-closing 
solenoid are supplied from a 110 V lead-acid battery 
of 40 ampere-hours capacity, the telephone type 
apparatus for remote control being supplied at 50 V 
from a separate battery. 

The general station auxiliary supply is a 220 V, 
three-phase delta system with one-phase centre tapped 





Fig. 10. “ Rotovalve” in open position to show 


perfectly smooth bore 
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Fig. 11. 36 in. dia. shut-off ‘“ Rotovalve,” motor- 
operated from generator floor 
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for 110 V single-phase loads. There are two sources, 
the normal one being the 25 kVA air-cooled trans- 
former in one of the switchgear cubicles supplied 
directly from the alternator, while the other, used 
during stopping and starting, is taken from external 
transformers fed by a 69 kV feeder from the Upper 
White River station. Contactors in the switchgear 
automatically change the station auxiliaries over to 
the internal transformer as soon as the alternator 
comes up to voltage during starting, and vice versa 
when shutting down. 

There is a small separate combination switch-fuse 
board with two distribution boards on it from which 
220 and 110 V supplies are taken for battery charging 
and lighting. All auxiliary wiring and lighting circuits 
are run in Pyrotenax cable, the main 6-9 kV cables 
being of single-core 0°6 sq. in. section and insulated 
with cambric and polychloroprene sheath. 


Automatic Operation 

Selection of local automatic, remote automatic and 
local non-automatic control is effected by changeover 
switches on the switchgear and can be altered without 
interruption of the operation of the plant. Automatic 
operation comprises starting and stopping the turbine 
in prescribed sequences, while non-automatic opera- 
tion necessitates various stages in the same sequences 
being performed by the operator turning control 
switches. Each stage is fully interlocked to ensure 
that an operation does not occur without the correct 
conditions prevailing. 

The automatic starting sequence takes place in the 
following order after the turbine control switch has 





Fig. 13. Main control board with integral turbine panel; the station common services board is on the left 
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been turned to ‘ start.” 

1. The governor oil pump starts and the main 
stop valve opens. 

2. When correct oil pressure exists and the vaive 
is fully open, the governor is brought into action 
opening the turbine gates and bringing the machine 
up to speed. 

3. Providing that 75 per cent. of normal speed is 
reached in normal time, a signal is given to the 
operator that the alternator is ready to synchronise. 
The governor takes control of the gate opening as 
soon as normal speed is attained. 

From this point the functions of the plant are under 
the control of the operator for synchronising and 
loading. 

When stopping, the load is reduced, the alternator 
taken off the line and the turbine “stop” signal given 
by the operator. The stop sequence then proceeds as 
follows:— 

1. The governor is taken out of service, closing the 
gates fully and the main stop valve starts to shut. 

2. The machine gradually loses speed until at half 
normal revolutions the alter- 
nator brakes are applied. 


more than 10—15 minutes for the turbine to reach 
75 per cent. speed it is shut-down and a further 
attempt at starting will have to be made. 

The only safety features in the stopping sequence 
are that the alternator brakes can only be applied 
so long as either the inlet valve or the gates are fully 
closed and the machine speed is not above half 
normal. If shutting down due to a hot bearing the 
brakes would be applied at 95 per cent. speed to 
shorten the time to bring the rotor to rest. 

During operation a safeguard against the water 
being used at too high a rate by the Lower Station 
turbine is provided which will gradually reduce the 
load if the headpond water level falls dangerously 
low. First a warning is given to the operator that the 
water level is low and this is followed by the gates 
being gradually closed if the level continues to fall. 
If the fall in level is not checked the gates will con- 
tinue to close until there is no load on the machine 
and the circuit breaker is tripped by an anti-motoring 
device. 

It will be recalled from Part I of this article that 


_QUTLINE OF SWITCHBOARD CUBICLE 





3. After a pre-set period of | 
application of the brakes 
sufficient to bring the rotor to 
rest, the brakes are released, 
the governor oil pump shuts 
down and the operator is 
given an indication that the 
stop sequence is completed. 
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In order to ensure correct 
conditions for starting, the 
following interlocks are pro- } 
vided in the master contactor 
circuit:-— 

(a) All protective - relays 
must be re-set and the field 
suppression switch closed. 

(b) Normal battery voltage 
must exist on the control 
circuits. r 

(c) The turbine gates must 
be fully closed. 

The starting sequence is 
begun by closing the master L 
contactor but before the gates ' 
will open these conditions = 
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must be fulfilled:— 

(a) The main inlet valve 
must be open and at least 90 
per cent. of headwater pres- 
sure must exist in the scroll TURBO- 
case. ’ ALTERNATOR 

(b) Governor oil pressure 475oKw ( ~, 
must be normal. aipoun 

(c) The generator brakes 
must not be applied. 

In the event of something 
being amiss in these con- 
ditions, the machine will = 
either not come up to speed 
or will take unduly long in 
doing so. To check on this a 
timing relay is energised by 
the start impulse to time the 
starting sequence. If it takes 
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Fig. 15. Transformer compour:d and 6°9/69 kV terminal structure 


a by-pass is being constructed for the Upper Station 
so that water might be available for the Lower Station 
if the Upper Station happened not to be generating. 
There will be two electrically operated Glenfield & 
Kennedy valves, one of the sluice type and the other 
a needle valve for adjustment of the actual discharge 
of water into the disperser pit. The needle valve will 
normally be left with a definite pre-set opening and 
the sluice valve will be closed. If a fault occurs in the 
Upper Station causing the turbine to be shut down, 
the sluice valve will automatically open and maintain 
a supply of water to the Lower Station. The Upper 
Station operator can control the needle valve opening 
from the control panel in the station as he requires. 
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Protective Devices 

Protective devices are divided into those which give 
warnings only, those which trip the circuit breaker, 
and others which trip both the circuit breaker and 
the turbine. The second class is confined to line faults 
outside the station, in particular negative phase 
sequence and overcurrent, while the third are serious 
internal faults which shut the turbine down imme- 
diately and lock it out against re-starting. For this 
purpose a lock-out tripping relay is employed which 
trips the main and the field suppression switches, 
shuts the turbine gates, and closes the main inlet 
valve, requiring an attendant to visit the station before 
the turbine can be started again. 
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An attendant will live in a 
bungalow near the station and 
can be contacted by telephone 
from the Upper Station. The 
warnings given to the operator 
are: 

High stator temperature. 

High bearing temperature. 
Bearing cooling water failure. 
Headpond lower water level. 
Transformer oil high temperature. 
Transformer Buchholz gas. 

In each of these cases a suf- 
ficient safety margin is allowed 
for the operator to take corrective 
action and avoid a complete shut- 
down or a dangerous condition 
arising. The settings at which 
shut-downs occur are higher and 
are caused by the following:— 
Generator Merz-Price. 

Generator overvoltage. 

Generator undervoltage. 

Generator excitation failure. 

High bearing temperature. 

Overspeed. 

Loss of governor oil pressure. 

Loss of headwater pressure. 

Transformer Buchholz surge. 

Transformer winding temperature 
high. 

Emergency stop button (on 
switchgear). 

Flooding of power station. 


Remote Control 

As already mentioned, the 
Lower Station is normally under 
the control of the Upper Station 
operator by remote control. While 
consideration was given to the use 
of supervisory equipment, it was 
found that there was no economic 
advantage in its favour and the 
less complicated equipment for a 
direct-wire system was preferred. 
This is effected by telephone-type equipment with a 
control panel in the Upper Station. The apparatus 
was manufactured by the Automatic Telephone & 
Electric Company and operates over a dry-paper 
aluminium sheathed cable having seven pairs of 40 Ib. 
per mile conductors and 26 pairs of 20 Ib. per mile 
conductors. The larger conductors have extra insula- 
tion and each of these pairs is separately screened. 
The cable follows the route of the pipeline and is laid 
on top of the woodstave pipe for most of its length. 
Some 1,000 yards, however, is run overhead as a 
catenary, the last section down the cliff into the power 
Station being carried in this manner. 

The remote control panel provides for starting and 
stopping of the turbine, synchronising, circuit breaker 
closing and tripping and load and excitation control. 
Controls are effected firstly by depression of appro- 
priate selector switches and then the actual operation 
performed by push-button, ensuring deliberate action 
on the part of the operator. During synchronising, the 
governor, voltage and circuit breaker closing controls 
may be used simultaneously. The instruments pro- 
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Fig. 16. Overhead section of control cable showing running out blocks 
secured to catenary wire; note pulling wire threaded through blocks 


vided on the panel are “incoming” and “running ” 
voltmeters, synchroscope, headpond water level indi- 
cator, ammeter, wattmeter and power factor indicator. 
The electrical instruments are energised by interposing 
current and voltage transformers with primaries con- 
nected to the main current and voltage transformer 
secondaries in the switchgear. The current transformer 
has a ratio of 5/0-1 A, the voltage transformers 
110/68-75 V and work over the 40 Ib. pairs in the 
control cable. The water level indicator is of the 
ohmmeter type and works in conjunction with a 
transmitter and float in a well which is part of the 
headpond intake structure. 
Lamp indications of certain functions of the plant 
are provided as follows:— 
Circuit breaker “ open” and “ closed.” 
Main valve “open” and “closed.” 
Completion of stop sequence. 
Machine ready to synchronise. 
Turbine master contactor operated. 
Turbine on local control. 
The last four form part of the indications in a facia 
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Fig. 17. Overhead section of control cable showing the leading end of 
the cable being guided through running out blocks from catenary wire 


on the panel which also shows fault indications. These 
do not indicate separately all possible faults for which 
protective devices are provided, but indicate a group 
so that the operator may be guided to take the appro- 
priate action. In most cases one of these indications 
would necessitate telephoning the attendant living 
near the Lower Station, who would find a precise 
indication of the actual fault on the facia of the 
switchgear panel. The fault indications given to the 
remote operator are: Lock-out relay operated; 
External fault; Internal fault; Mechanical fault; Over- 
speed; Transformer fault; Buchholz relay operated; 
Headpond water level low. 


Transformers 

The transformers were manufactured by the English 
Electric Co. Ltd., and consist of three single-phase 
units connected into a delta/star bank, with the neutral 
point on the 69 kV side solidly earthed through an 
isolating switch. They are of the ON/OB type with 
a total ON rating of 4,500 kVA and 5,625 kVA OB 
rating. To obtain the additional 25 per cent. output fans 


WATER POWER December 1952 


are provided which automatically 
start-up and blow air through the 
radiators. These are controlled by 
the winding temperature indicator, 
which, in addition, will cause the 
plant to be shut down at a tem- 
perature above the normal work- 
ing range. An _ oil-temperature 
indicator is also fitted to each 
transformer which will initiate 
an alarm if a high temperature is 
reached. 

To reduce overall size during 
shipment, the transformers were 
designed with removable radia- 
tors. They were shipped full of oil 
and all bushings were removed. 
Each unit has a surge arrestor 
adjacent to the 69 kV line bushing 
for lightning protection. 
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Fig. 1. Mosvann. The dam and stretch of shore 


Compensation Assessment 
in Norway 


A. Mollu-Christensen, who is a consultant in this field, outlines 

the types of compensation problem that arise in connection 

with hydro-electric schemes in Norway and explains the basis of 
Norwegian law in these cases. 


Y the term “watercourse” we understand the 
| | tele that at any time is flowing in rivers and 

lakes. In many countries the law is based on the 
principle that watercourses stand at the disposal of the 
public. 

In Norway the law, developed from olden times, is 
that the watercourses belong to the owner of the land 
over which they extend and through which the water 
is flowing. A landowner may take drinking water for 
domestic purposes and for use on his farm; he may 
take ice; he has sole fishing rights and sole rights to 
whatever other things are necessarily involved, e.g., 
gravel and sand. On the other hand, the watercourses 
serve as traffic routes the whole year round, in the 
summer for boat traffic and for timber flotation, and 
in the winter as ice routes, both across the water- 
course and up and down it. 

But the law of property, or the right of disposal 
over the watercourse and the flow of water, is sub- 
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ject to modification, due to the fact that the water 
flows down the watercourse. 

The principal rule is featured in our old law of 
1887 relating to watercourses, in para 7, and in our 
new law of March 15, 1940, which states, in para 8:— 

Without specific right or legal authority, no- 
body, even if he does so on his own property, 
may 

(a) alter the bed of a watercourse, or the direc- 
tion of the current, increase or reduce the flow 
of water, either at any time or on specific occa- 
sions, or raise or lower the level of the water, or 
(b) place timber booms, fencing or any con- 
structions in or over the watercourse, if this en- 
dangers or causes damage to another person’s 
property or rights, gives rise to undue 
hindrance to traffic or the floating of goods or 
any other kind of damage or danger of any sig- 
nificance to the public interest.” 
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For centuries the watercourses 
have been used for the floating of 
timber and logs, so this public 
interest has been a consideration 
for a very long time. They have 
also provided motive power for 
querns, grinding mills and saw- 
mills, and in more recent years, 
since shortly before the turn of 
the century, for all kinds of in- 
dustrial undertakings and the 
production of electrical power. 

So long as it was only a ques- 
tion of exploiting the water flow- 
ing down the river course at any 
time, the damage coming under 
consideration was restricted to 
the stretch adjacent to the build- 
ings projecting into the water, and 
it was comparatively easy to pass judgment in re- 
spect of it. Moreover, the damages fell upon the 
landowner who owned or had owned the watercourse. 
In many cases they were included in the transfer of 
the water power to industries concerned, and it was 
not necessary to set up additional legal machinery 
to ascertain damages and costs. 

But in our larger watercourses, the development 
of industry and electricity supply resulted in the 
establishment of storage reservoirs at the lakes nearer 
the source of the watercourse. These projects caused 
a radical change in the stipulations for agriculture 
and forestry, and special legal machinery became 
necessary. 

In Norway, the assessment of damage and incon- 
venience in respect of railways and roads is made 
through legal arbitration. It was therefore natural 
that the same course should be followed in the assess- 
ment of damage and inconvenience which, it was 
found, would be inflicted upon every single land- 
owner where projects were being undertaken. 

The first projects affected the drainage conditions 





Fig. 2. Flooding caused by an ice-jam 
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Fig. 3. A log-jam in the Glomma river 


down the watercourse only to a comparatively minor 
extent. In many cases the disturbance was so small 
that it was considered adequate for the legal pro- 
tection to be restricted to the award of compensation 
to the basin itself, and in certain cases to the drainage 
from the basin linking up with a large river. 

It became apparent, however, that damage and dis- 
turbance were being caused to certain interests, the 
transportation of timber being especially affected, 
through the reduction of floodwater and the shorten- 
ing of the period when there was an abundance of 
water for this purpose. The same adverse effects were 
experienced in making use of frozen rivers and lakes 
for transporting farming and forestry products. 

With certain of the earlier projects, e.g., with those 
of Nisservann and Fyrisvann above Arendal, 
although these schemes had been in operation for 
about 30 years, awards were adjudged for the whole 
of the 100 kilometres length of the course. 

In Glomma, after the Aursund scheme had been 
carried out, great ice jams and floods occurred, with 
consequent drifting of the ice. Commissions were 
appointed to find means of 
remedying this, and new regula- 
tions for the dam at the storage 
reservoir were drawn up. 

Now, however, assessments are 
made for the whole of the stretch 
down the Glomma as far as the 
confluence with the Rena, and 
assessments are pending for the 
stretch below it. Here we have the 
effects of two further basins on 
water-flow regulation, Osen and 
Storsjgen. 

Both the landowners involved, 
and their organisation, the 
Glomma Sales Association, and 
also experts engaged for the pur- 
pose, have confirmed that the ice 
is very unsafe and unstable. To 
mitigate the damage, the body re- 
ceiving the award, ie. the 
Glomma and Lagen Millowners 
Association, may be obliged to 
build or contribute towards the 
building of some bridges. Dam- 
age caused by floating logs will 
also be assessed. 
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A law of December 14, 1917, 
relating to storage reservoirs, 
states, in para 19:— 

“The owner of the dam at 
the storage reservoir is legally 
bound to make such arrange- 
ments at the dam, and, 
where necessary, in the water- 
course below it, in addition 
to being responsible for the 
supply of water in this 
stretch, that the ordinary 
traffic and transportation is 
disturbed as little as possible 
by the project. The question 
as to which means he will 
adopt is to be decided, in the 
case of dispute, by arbitra- 
tion. 

Damage or disturbance to 
traffic or transportation that 
cannot be remedied by this 
means is to be covered in 
accordance with para 16.” 

Para 16 in question stipulates the obligation to 
relinquish the land required, whether built up or 
otherwise—included in this category are land over 
which roads pass, gravel and stone pits, former power- 
scheme installations, et—to be responsible for the 
property, and to accept the damage caused to, and 
the modification made on, the property and its assets, 
in consequence of the scheme. 

It also stipulates the assessment to be made in the 
case of expropriation, and the manner in which it 
shall be conducted at law, and that damages and 
costs in the case of real estate shall be awarded in the 
form of annual grants if there are no special reasons 
for lump-sum compensation. 

In the large undertakings carried out during the 
last 10 years, the natural drainage conditions in our 
major watercourses have been disturbed to such an 
extent that the State authorities responsible for these 
concessions, after receiving urgent appeals from the 
municipalities suffering the damage, have found that 
the granting of permission must be made subject to 





Fig. 4. A lawyer put the case on the spot 
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Fig. 5. Storage reservoir: in summer the water level rises to the edge 


of the forest 


certain over-ruling provisions and requirements. 

It was found that para 19 in the law covering the 
projects did not provide adequate authorisation for 
the application of the best solution, namely that the 
expropriator should be bound by law to make im- 
provements in the form of bridges, roads, payment 
towards the building of public roads and bridges, and 
other contributions. 

Monetary compensation did not always provide a 
remedy for the damage and disturbance that occurred. 
Such special stipulations were therefore included in 
the permits for work to be done on a wider scope 
than was envisaged before 1945. Provision is now 
made that reasonable contributions shall be under- 
taken to remedy damage and reduce disturbance 
caused by any scheme. 

The effects of the Hol Scheme on the regulation 
along the Hallingdai river are quite extensive, and in 
this case it was stipulated that the expropriator, Oslo 
Lysverker, should build 12 bridges over the river for 
forest traffic, farm use, and roads from and through 
the forests for carts and motored 
vehicles. Assessment is also made 
in connection with claims in re- 
spect of routes to schocl and traf- 
fic to centres in the country dis- 
tricts, and to any loss incurred 
when it is no longer possible to 
float timber down a river as may 
formerly have been done before a 
new project encroached upon the 
old transport system. In some 
cases this problem is solved by 
transporting logs by other means 
at the expense of the expropriator, 
or by building bridges and roads 
to link up with existing cart 
tracks, when it is of greater 
economic advantage for the water 
to be used for the production of 
power than for the floating of 
timber. 

In the case of pasture lands 
being flooded by storage dams 
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lump-sum compensation is awarded for the cultiva- 
tion of new areas. 

On the whole an endeavour is made to compen- 
sate in kind, and the farming and forestry operations 
are rearranged to some extent to accommodate the 
new requirements. 

A bridge designed to take the place of ice routes 
that have become impracticable is certainly an ad- 
vantage for landowners in the summer months. The 
inhabitants in a valley or village or in some farms 
are able to profit from this amenity without any re- 
ductions being made in the compensation paid for 
damage and disturbance. 

After arbitration tribunals have determined the 
contributions in kind to be made, a compensation 
tribunal stipulates the payments to be awarded to 
each person suffering damage. Provision is made for 
an appeal from a compensation tribunal to be carried 
to a chief tribunal. An ordinary arbitration court con- 
sists of a local magistrate assisted by at least four 
members who are experts in the fields covered by 
the compensation awards. If the government depart- 
ment finds it necessary, a tribunal with two additional 
members may be appointed. The chief tribunal for the 
determination of compensation consists of six mem- 
bers in addition to the local magistrate as chairman. 

In the tribunal there must be members having 
technical knowledge relating to hydrology and water- 
power projects, to road and bridge construction, to 
forestry and lumbering, and to farm management in 
the area concerned. In Norway farming may be car- 
ried on under varying circumstances; some farms are 
situated at high aititudes in the more remote valleys, 
and others in the wider, lower-lying valleys where the 
communications are good. It is a common practice for 
farmers with similar working conditions on their own 
property to be chosen as members. 


No appeal can be made to the chief tribunal except 
in cases where a dispute has arisen over the right to, 
and the conditions of, expropriation, or over any 
question as to the object of the expropriation. These 
legal questions may be brought before the Norwegian 
Supreme Court of Justice. 

It can happen that on account of complaint or dis- 
pute a tribunal may have to make alternative assess- 
ments in order that the compensation amounts shall 
be determined, notwithstanding the nature of the 
Supreme Court’s verdict. 

It will be seen from the foregoing that the legal 
watercourses and power supply is highly developed. 
This is a logical outcome of the fact that Nor- 
way has abundant water power at her disposal. 
This water power was put to the service of industry 
and electricity supply in the last century, but progress 
in its exploitation has been particularly rapid during 
the last 50 years. 

When one considers that Norway’s potential water 
power amounts to 20 million kW and plant completed 
or under construction is equivalent to about 4:5 mil- 
lion kW, one gets an impression of the significance 
of water power for a country of something over 3 
million people. 

In Norway many technical problems of assessment 
arise, both in the catchment area and in the streams 
draining it, on account of snow masses, temperature 
conditions and other natural circumstances. As an 
example, during floods in Hallingdal we have already 
observed log jams from 1:5 to 2 m. high, where great 
masses of logs carried to the riverside were frozen 
up. We cannot, as at the Norris dam in Tennessee, 
build boathouses, mobile restaurants and stores. Our 
boats must be laid up in safety clear of the ice, and 
drawn up and down on slipways by means of 
winches. 





From Correspondents 


Civil and Mechanical-Engineering Aspects 
of Hydro-Power Development 


To the Editor of WATER POWER 

It was somewhat surprising to read this state- 
ment at the end of Mr. Seewer’s lecture reported in 
your November issue:— 

“ The electrical field is not essentially different 
as far as the machinery is concerned from the 
one of general electrical engineering, but the 
transmission and distribution of power, in- 
cluding all protective gear, merits particular 
attention.” 

Those associated with the electrical engineering in 
addition to the civil and mechanical engineering 
aspects of hydro-power hold the opposite view, i.e. 
it is “electrical machinery” which merits the parti- 
cular attention whereas under most conditions, 
“transmission and distribution of power including 
all protective gear,” have problems more nearly 
common to all types of electric power schemes. 

Some of the special difficulties peculiar to water- 
wheel generators resulting from high runaway speeds 
and flywheel effects, amongst other things, are well 
explained in the two papers by Messrs. E. M. Johnson 
and C. P. Holder entitled “The Design of Large 
Vertical Shaft Water-Turbine-Driven A.C. Genera- 
tors” (Proceedings 1.E.E., 1948, Vol. 95, Part II, p. 
757) and “The Design of High Speed Salient Pole 
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A.C. Generators for Water Power Plants” (Proceed- 
ings 1.E.E., 1952, Vol. 99, Part II, p. 479). 
; A. FEINER. 





Water-Turbine Governors 

A valuable paper on water-turbine governors was 
presented last month to the Institution of Mechanical 
Engineers by Mr. N. G. Dennis, M.A., A.M.I.Mech.E., © 
Chief Hydraulic Research Engineer, English Electric 
Co. Ltd. The earlier part of the paper outlined the 
basic principles of closed-sequence control. The 
fundamental differences between accelerometer and 
temporary-return-motion types of governor were 
clearly enunciated, the development of electrical 
systems of governing was outlined, and possible new 
types of governor control were discussed. 

In the next section the author described the various 
operating elements in hydro-mechanical governors, 
including centrifugal devices, hydraulic relays, addi- 
tive and subtractive devices, return-motion and 
accelerometer systems, Pelton-wheel nozzle systems, 
and pressure-oil supply arrangements. 

Special governor functions, such as water-level 
control, frequency control, load sharing, and tie-line 
load control were next discussed, and the paper con- 
cluded with a description of the governor designed 
and built by the author’s firm. A brief mathematical 
analysis of a governor was included in an appendix. 

A strenuous discussion followed, in which so many 
speakers took part that a time limit had to be imposed. 


461 





Civil and Mechanical-Engineering 


Aspects of Hydro-Power Development—II] 


The third of four post-graduate lectures given by P. W. Seewer, 

Consulting Engineer to the English Electric Co. Ltd., to the Hydro- 

Power Course at the Imperial College of Science and Technology, 
City and Guilds College, South Kensington, London. 


N this my third lecture, I shall endeavour to put 
before you all types of modern hydro-electric plants 
and to explain their characteristic features. 


The High Pressure Hydro-Electric Plant 

For these high-pressure schemes, which work from 
about 800 ft. up to close on 6,000 ft. head, mostly 
impulse wheels (Peltons) are being used. High pres- 
sure schemes consist of tapping a lake or creating an 
artificial reservoir by damming a valley at a compara- 
tively high altitude, and leading the water through 
canals, tunnels and pipelines, as topographic con- 
ditions may dictate, down to the power house and 
into the turbines. The intake works at the top consist 
of strainer racks with cleaning gear appertaining 
thereto, sluices and stoplogs and, of course, the 
necessary lifting and handling gear. 

The tunnels are hewn in the rock and provided 
with a reinforced concrete shell or other lining, 
the strength of which must be adequate to withstand 
both the highest lake or reservoir water level, and 
the pressures resulting therefrom and, of course, the 
pressure hammer due to the fluctuation of the water 
column consequent upon regulation. The slope of the 
tunnel varies according to the resistance from one to 
five in a thousand. Most high pressure schemes require 
at the end of the tunnel, where the penstocks proper 
start down the slopes of the mountain, a surge tank 
or surge shaft to stabilise the pressure waves set up 
by the regulation of the turbines. 

Pipelines must, of course, be located by a number 
of solid anchor blocks, particularly at the points 
where the angle alters due to the slope of the moun- 
tain, and the different straight parts of the pipeline 
must be provided with expansion joints to accommo- 
date the lengthening and shortening of the pipes due 
to the fluctuation in temperature. 

At the entrance to the power house or within it, 
stop valves are required so that the various turbines 
can be isolated from the penstocks without emptying 
the latter. Valves are also arranged at the exit of the 
surge tank on top so that the pipelines can be in- 
spected and serviced without emptying the tunnel. 

The machines in the power house are either hori- 
zontal or vertical shafted, and can contain one or 
several runner wheels each impinged upon by one or 
several jets. The selection of speed and number of 
jets is again a question of specific speed and output, 
and the endeavour is to create the most efficient plant 
under the most economical conditions. 

The number of buckets and their attachment to 
the disc depend on the specific speed. When it exceeds 
24 metric per jet it does not allow separate buckets 
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to be attached to a disc with the necessary degree of 
security; in this case the runner must be cast in one 
piece. The determination of the number of buckets 
and their inclination or angular arrangement relative 
to the rotating axis can be determined by a judicious 
application of Coriolis’s theory of relativity, which is 
corroborated by frequent tests in research plant and 
in the field. The attachment of the bucket to the disc 
merits particular attention. It must be designed and 
manufactured to withstand: (1) the alternating stresses 
due to the jet impact, (2) the centrifugal forces at 
normal and runaway speeds, and (3) the stresses set 
up by the application of the full jet with the wheel 
at rest (short circuit). 

An example will best illustrate our method of 
design. For a wheel developing 15,000 hp., for 
instance, anc running at 375 r.p.m. under 1,650 ft. 
head, each bucket sustains a thrust from the jet 
amounting to 27:5 tons 6:25 times per second, or 
540,000 times per day. Each particle of water traverses 
the bucket in about 1/100th second. The thrust of 
the jet, therefore, is decidedly in the nature of a blow. 
Each bucket, after passing through the jet, is com- 
pletely emptied again so that the resultant forces 
alternate continuously and very rapidly. In addition, 
there are the centrifugal forces set up concurrently 
by the rotation. The demand on the attachment is 
thus very severe, and it is not surprising that numerous 
bucket attachments by several cylindrical and also 
conical bolts, rivets, or even dovetailed edges, have 
proved inadequate, resulting in dislocation and rup- 
ture with disastrous consequences. 

The system of attachment adopted by the English 
Electric Co. Ltd. consists of one bolt only for each 
bucket, made up of a bush in nickel-chromium steel 
split over its whole length, cylindrical outside and 
conical inside. A conical bolt, also of nickel-chromium 
steel, is introduced into the split bush, and is provided 
on either side with a fine thread, nuts, and locking 
washers. The holes in the bucket and the disc are 
cylindrical and of identical diameter. This facilitates 
manufacture and enables the attachments to be com- 
pletely finished in the shops so that the buckets be- 
come strictly interchangeable, chiefly because each 
has only one hole. On introducing the conical bolt 
into the split bush after assembling the bucket with 
the disc, the split bush expands, and is caused by the 
cone to bear against the cylindrical holes in the discs 
and bucket with a tightening force considerably 
superior to any force the jet can exert on the bucket. 
No dislocation or weakening of the attachment can 
therefore take place, and in practice no bucket attach- 
ment of this type has ever shown any dislocation or 
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similar trouble. Every alternate bucket is made to 
bear against a part protruding from the disc and cast 
integral with it by two strong transverse (axial) keys, 
each of which is separately locked. The conical side 
or taper is arranged between the two keys so that 
each bucket presents parallel facings only, thus again 
ensuring perfect interchangeability. 

Dismantling is easy and expeditious as the keys 
can be separately withdrawn as for an ordinary wheel 
and shaft attachment, while the bucket can be 
slackened by simply withdrawing the conical bolt 
from the split bush by means of its threaded end and 
nut. No reamering is necessary on site and thus pro- 
longed stoppage of the plant is obviated in case of 
replacements. 


Governing Systems for Impulse Turbines 

Two systems of governing turbines of the impulse 
or Pelton type are by nozzle and bypass valve, or by 
nozzle and deflector. In the first system, the nozzle, 
which forms the working jet, is rapidly closed and a 
bypass or discharge regulator simultaneously opened 
so as to avoid excessive waterhammer in the pipes 
by compensating the water cut off from the turbine. 
To obtain reasonably close 
governing, considerable operating 
forces must be set in action, re- 
quiring in turn cumbersome 
mechanisms. The size of the 
governor must be adapted in each 
case according to the head and 
water quantity prevailing in the 
plant. The rapid handling of large 
jets is always difficult and risky 
since the momentum of quantities 
of moving water is very great. In 
medium and low-pressure plants, 
where combined bypass govern- 
ing is resorted to, the pipes can 
generally be designed to with- 
stand an abnormally increased 
pressure rise in case of failure 
of the relief or bypass valve. In 
high-pressure plants, however, the 
provision of pipes of greater 
thickness to increase the safety 
factor is generally fraught with 
considerable difficulties, | both 
technical and economic. For this 
reason the bypass system of 
governing is inadvisable for high- 
pressure plants, quite apart from 
the fact that the results, in spite 
of the large and expensive operat- 
ing mechanisms required, are by 
no means perfect. 


Combined Nozzle and Deflector 
Governing Device.—This circum- 
vents the necessity of practically 
slam-shutting the nozzle in case 
of a drop in load, but for close 
governing it also requires very 
considerable forces to deal rapidly 
with the large quantities and high 
heads. The size of the governor 
must in this case also be adapted 
to the particular plant, and, in 
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addition, an automatic and quite intricate relationship 
must exist between the size of the jet for each load 
and the position of the deflector. This is vital in order 
to avoid “hunting,” because the primary or deflector 
system must be made to act on any given size of jet 
without lost motion. It is our practice to provide 
combined nozzle and deflector governing systems on 
plants which do not require particularly close govern- 
ing, such as the Lochaber turbines. 


The Impulse-wheel Jet-disperser Governing Device. 
—TIn most high-pressure plants, however, the govern- 
ing system must provide very close governing in case 
of a drop in load and yet be simple in operation and 
ensure absence of wear and maximum safety under 
all conditions of service. Efforts were therefore made 
to devise a governing system requiring very small 
forces for its operation, thus permitting of a universal 
governor for all impulse wheels up to the largest sizes. 
The well-known conical nozzle and needle are care- 
fully designed for the formation of a compact cylind- 
rical jet so as to ensure maximum efficiency. The size 
of the jet and therefore the water quantity is regu- 
lated in the usual way by means of a needle or spear 





Fig. 1. Spiral casing for one of the 73,000 h.p. Castelo do Bode turbines 
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moving axially inside the nozzle. It was observed that 
even slightly conical or “broomy” jets rapidly diminish 
the efficiency of the jet and turbine. This phenomenon 
was used in the invention of the diffuser governing 
system. This consists in dispersing or diffusing the 
jet by means of a number of slightly slanting and 
streamlined guide vanes surrounding the needle, 
which, when governing, impart a slight rotary motion 
to the jet. This initial vortex is enormously enhanced 
by the transformation of the potential energy into 
kinetic energy which takes place inside the nozzle, 
with the result that the jet outside the nozzle is com- 
pletely broken up into a hollow cone, whereby the 
energy imparted to the runner wheel is very rapidly 
destroyed. In normal operation the diffuser plates are 
permanently withdrawn inside the needle, thus per- 
mitting the formation of an efficient cylindrical jet. 
The initial vortex can be brought about by compara- 
tively small forces even for turbines of the largest 
sizes and for very high pressures, and diffusion takes 
place almost instantaneously, resulting in very close 
governing. 

This system of regulation has now been in con- 
tinuous commercial operation for many years and is 





Fig. 2. Feathering propeller unit for Tekapo 
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giving consistently good results. No detrimental in- 
fluence on the pipeline pressure occurs during its 
Operation, and no wear whatever takes place on the 
diffuser plates. In fact, there has never been occasion 
to renew or replace any diffusers. 

No special protection in turbine pits or tailraces 
is necessary because the energy of the diffused jet is 
largely destroyed when it reaches these points. Finally, 
no system of interdependence between the size of the 
jet and the position of the diffuser is required, because 
the diffuser, after action, always withdraws to the 
same position inside the needle and flush with it, and 
is thus ready to act instantly on any size of jet without 
lost motion. 


High-Pressure Reaction Schemes 

The high-pressure field has been invaded, due to 
research and to economic pressure, by the high- 
pressure reaction turbine either of the horizontal or 
vertical type up to water pressures of about 1,000 
to 1,200 ft. Our Loch Sloy plant is a case in point 
as pressures up to slightly more than 900 ft. and down 
to about 700 ft. are being made use of. The plant is 
equipped with four vertical-shaft reaction-type tur- 
bines of 45,000 to 50,000 b.h.p. 
rigidly coupled to alternating- 
current generators. The plant has 
now been in operation for a num- 
ber of years and a model was 
made before the plant was estab- 
lished, together with another 
model showing the design in a 
cross section of the power house. 
The turbines are protected by a 
cylindrical balanced valve and are 
fitted with our cylindrical balanced 
diffusing discharge regulator 
which compensates the water cut 
off by the governing in 3 sec. so 
as to keep the resulting water- 
hammer in the penstocks down to 
a reasonable figure, not exceeding 
15 per cent. above the maximum 
static pressure. The machines are 
arranged in the preferred tower- 
type or block-type fashion, the 
turbine being rigidly connected to 
the generator bedplate. The sup- 
porting pedestal is strongly em- 
bedded in the reinforced-concrete 
block. 

The high-pressure runner wheel 
had to be fabricated in high- 
tensile chromium steel, which has 
resulted in smooth and continuous 
water canals free of any blemishes. 


Medium-Pressure Reaction-Type 

Plants 

The Castelo do Bode plant is a 
good example for the arrangement 
of a plant immediately adjacent 
to the dam and working under 
medium pressure. This dam pro- 
duces a head of 315 ft. maximum 
and contains a reservoir of about 
900 million cu. m. of water. The 
three turbines are each of 73,000 
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b.h.p. and when fully loaded pass approximately 200 
tons of water per second. The inception and execution 
of this plant, which is the principal plant in Portugal, 
was an important step forward in the development of 
that country’s natural resources. The location of the 
plant immediately at the dam allows for every short 
pipelines so that compensating discharge regulators 
could be dispensed with. However, the plant is fitted 
with two 84 ft. diameter scour valves of our cylindrical 
balanced and diffusing type, both electric and hand 
operated. Each of the scour valves discharges 150 
tons = 5,300 cu. ft. of water per second, in a hollow 
cone down into the tailrace. 

The compact step type of plant was adopted, which 
allows all the main and auxiliary machinery, including 
the 1i ft. diameter stop valves of our straight flow 
type, to be concentrated under the power house crane. 
This is without resorting to a second floor thus 
rendering supervision easy and direct. The runner 
wheel is cast in one piece and is thoroughly protected 
against cavitation. The same type of wheels which 
have been similarly protected many years ago have 
been free from cavitation as were the turbines of 
Castelo do Bode. 


Feathering-Propeller Plant 

I had occasion to show you the arrangement 
of the Pollaphuca plant producing 50,000 b.h.p. 
to 56,000 b.h.p. in two machines of the feathering- 
propeller type operating over a range of 165 ft. down 
to 115 ft. pressure. This used to be the highest head 
ever executed for this type of runner. 

We have computed on a chart the difference in 
efficiency and, therefore, output, obtainable when 
making use of the idea to adjust the blade angles to 
correspond to any new load, so that instead of com- 
promise angles producing an optimum of efficiency 
at one point only, the range of good efficiency can be 
substantially broadened. 

The Tekapo runner of 36,000 to 40,000 b.h.p. out- 
put is a case in point with efficiencies reaching 93 
per cent. at and near full load, 92 per cent. at 22,500 
b.h.p. and 86 per cent. at 15,000 b.h.p.; the efficiency 
is still above 81 per cent. when the load is down to 
one-quarter only. All our feathering-propeller runners 
operate within a duct of the spherical type and all 
are of course provided with an efficient draught tube. 


(To be continued) 





Book Review 





Handbook of Applied Hydraulics. Second Edition. 
Edited by Calvin Victor Davis, B.S., A.S.C.E. Pub- 
lished by McGraw-Hill Book Company, Inc., 
McGraw-Hill House, 95 Farringdon Street, London, 
E.C.4. 1952. 1,272 pp. (including index). Fully illus- 
trated. 9 in. x 6 in. x 1} in. Price 107s. 6d. 

This volume has been conceived as a general 
reference book on hydraulic engineering and is divided 
into 25 sections, each written by a separate expert, 
who appears to have been required to outline the 
basic principles underlying the subject he is treating 
and then to point out how these principles are applied 
in practice. Such treatment gives the book a sense of 
uniformity which is often lacking in a compilation 
of this kind and the gain is substantial, though we 
should have preferred the examples which are given 
to have been drawn less exclusively from American 
sources and to have included references to at least 
some of the more notable developments in Europe. 

The fact that the first edition was published in 
1942, at a time when hydraulic engineering in Europe 
was in a state of suspense, gives a special importance 
to the second edition, for there never was a time when 
so much attention is being given in Europe—and 
indeed the world—to hydro-power projects as the 
present. Moreover, the new edition marks an improve- 
ment on the first in many respects. New sections have 
been added on water hammer, surge tanks, speed 
regulation and navigation locks, and other sections 
have been entirely recast or otherwise brought up to 
date. An important extension of the section on gravity 
dams deals with settlement problems and the be- 
haviour of some modern structures. New data result- 
ing from more scientific design work have been 
introduced in the section on spillways and discharge 
coefficients, together with additional matter on the 
prevention of scour in river beds. The hydrology 
section has undergone drastic revision and is now 
thoroughly scientific in treatment and is thus more 
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in keeping with the trend of modern practice, which 
is devoting stricter attention to hydrological influences. 
A further deviation from the first edition lies in the 
suppression of the separate section on drainage, it 
having been preferred to treat this subject in other 
relevant sections; also all reference material on 
hydraulics is now presented in a separate appendix. 
There is an excellent index. 

To indicate the scope of the book we give a list 
of the various sections together with, in brackets, the 
names of the authors: River regulation by reservoirs 
(Knappen, Stratton and Davis); Gravity dams (Davis); 
Arch dams (Houk); Buttress dams (Burroughs); 
Earth dams (Knappen and Lowe); Rock-fill dams 
(Steele); Spillways and stream-bed protection works 
(Lane and Davis); Spillway crest gates (Bowman, J. 
S., and Bowman, J. R.); High-pressure outlet works 
(Kinzie); Canals, flumes, covered conduits, tunnels, 
and pipe lines (Hinds); Hydro-electric plants (Stevens 
and Davis); Hydraulic machinery (Moody); Water 
hammer (Rich); Speed regulation and governing 
stability (Rich); Navigation locks (Rich); Irrigation 
(Houk); Irrigation structures (Houk); Water supplies 
(Camp); Water distribution (Camp); Water treatment 
(Camp); Sewerage (Greeley and Stanley); Sewage- 
treatment hydraulics (Greeley and Stanley); Hydraulic 
models (Hickox); Hydrology (Kirpich); Appendix A: 
Hydraulic formulae (Voorduin); Appendix B: Graph- 
ical aids to hydraulic computations (Sorensen). 


S. B. Donkin. As we go to press the death has been 
announced of Mr. Sydney Bryan Donkin, the senior 
partner of Messrs. Kennedy & Donkin, the consult- 
ing engineers. Besides designing and supervising the 
construction of many electricity supply schemes the 
partners were consulting engineers to the Central 
Electricity Board and Mr. Donkin was himself one of 
the engineers appointed to re-examine the question 
of the Severn Barrage Scheme in 1943. The partners 
have held an eminent position as consulting engineers 
for hydro-electric schemes all over the world, includ- 
ing Owen Falls, the Kariba project and many others. 
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Fig. 1. Aerial view of Génissiat dam and power station 


The Rhone Development 


The official opening of the Donzére-Mondragon canal recently 
marks a further important step in carrying out the far-reaching 
plans for the complete harnessing of the Rhone. 


ITH the formal opening by President Auriol 
Wi October 1952 of the new diversion canal 

between Donzére and Mondragon, one further 
stage has been completed in harnessing the Rhéne 
for power development. This scheme, brief particulars 
of which were given in our April 1951 issue, has 
three interrelated objectives—to provide additional 
power, to improve the navigational facilities of the 
river, and to augment agricultural production by ex- 
tending the irrigation channel work in the Rhéne 
valley, much of which is deficiently watered. Large 
as it is in itself the Donzére-Mondragon scheme 
merely forms part of a much greater whole which 
aims at the full development of the Rhéne between 
the Swiss frontier and the Mediterranean coast. To 
bring this immense project to fruition an organisation 
known as Compagnie Nationale du Rh6ne was 
formed, and for some time past twelve of the largest 
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French civil engineering undertakings have been en- 
gaged in a constructional feat which will be of almost 
immeasurable significance to the nation. The French 
National Railways are vitally concerned and own a 
substantial block of the shares, railway electrification 
having particular attractions in France because of the 
unsuitability of indigenous coal] for use in locomotives. 

In all, the building of twenty dams is envisaged on 
the Rhone; the first of these, at Génissiat, came into 
operation last year and the second, at Bollene, was 
set to work with the opening of the Donzére- 
Mondragon canal. When finally completed the twenty 
resulting power stations will have a total capacity 
of 24 million kW and an estimated output of 13,000 
million kWh per annum. Up to the present the Com- 
pagnie Nationale du Rhdéne have accomplished the 
harnessing of the Génissiat Falls, including the com- 
pensating dam built at Seyssel; the construction of an 
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Fig. 2. Downstream view taken from air 


industrial port below Lyons; pumping and irrigation 
works; the construction of electrical transmission lines 
connecting with Paris; and the harnessing of the 
Donzére-Mondragon Falls. Plans for the future in- 
clude dams and power stations at Sault Brénaz, 
Valence, Logis Neuf, Montélimar, Roquemaure, 
Avignon and Vallabrégues. 

Leading particulars of the Génissiat dam and 
power station were given in our July-August 1949 
issue* but at that time the constructional work had 











* * Génissiat.”” by R. H. E. Ryley, A.M.I.E.E., p. 147 
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Fig. 3. Génissiat dam, downstream view with reservoir at spilling level 
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not been completed and we are now able to give a 
fuller account. The Génissiat site is situated about 
15 km. from the French-Swiss border and is about 50 
km. below Geneva. It is served by a catchment area 
of nearly 11,000 sq. km. (about 4,234 sq. miles) and 
the average flow is 395 cu. m. per sec. (13,970 cu- 
sec.). Records of floods date from very early times 
and in 1616 a maximum flow of 2,000 cu. m. per sec. 
was registered, this flood being equalled in 1910 when 
the ancient gauge marks were again reached. Topo- 
graphical conditions were very favourable, the sound 
limestone rock making excellent 
foundations for the dam, and a 
broad flat space on the right bank 
proved very suitable for a con- 
tractor’s yard and later for the 
construction of three-stage locks 
on the navigational canal. Water 
storage has been created capable 
of producing an average output 
of 1,690 million kWh per annum. 
At the normal level of 330-7’m. 
(1,085 ft.) above sea level the 
reservoir has an area of 350 hec- 
tares (865 acres) and extends 
about 23 km. (14:29 miles up- 
stream. The operating head for 
the turbines will range between 
197 and 226 ft., the power instal- 
lation consisting of five sets each 
with a capacity of 65 MW giving 
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a total capacity of 325 MW. 
Operations were begun in 1937 
and the preliminary work was 
completed two years later. This 
work included the diversion of 
the river by means of two tunnels 
which were driven through the 
sides of the gorge on both banks 
to enable the site of the dam to 
be isolated by means of upstream 
and downstream coffer dams; ex- 
cavation of the site down to rock 
level was then proceeded with. 
These tunnels have an internal 
cross section of 915 sq. ft., that 
on the right bank being 1,805 ft. 
long and the one on the left 2,001 
ft. long. For this preliminary work 
the total amount of rock excava- 
tion required was 678,850 cu. 
yards and the total amount of 
masonry work, that is, reinforced 
concrete and tunnel linings, was 
60,037 cu. yards. Drilling work 
included the driving of 29,690 ft. 
of holes, most of which were used 
for injecting cement. Both diversion tunnels are 
equipped with sluice gates of the caterpillar-mounted 
type at the upstream inlets, these being 36 ft. wide 
and 29 ft. 6 in. high. The dam foundations consist of 
a compact impermeable limestone, of lower Creta- 
ceous age, which existed under a layer of alluvium 
some 75 ft. in thickness. The dam is essentially of the 
gravity type and has a horizontal curvature with a 
radius of 1,640 ft. At crest level the dam is 335-7 m. 
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Fig. 5. View under alternator floor showing turbine shafts 


above sea level, the total height above the alluvial 
bed of the river being 80 m. (260 ft.). At the crest 
the dam has a thickness of 9 m. (29 ft. 6 in.) and a 
length of 140 m. (459 ft.). The discharge of flood 
waters takes place by way of an open spillway which 
has been excavated in the right bank of the river and 
a discharge tunnel which has been driven through 
the limestone rock on the left bank. The open spill- 
way has a capacity of 1,700 cu. m. per sec. (6,033 
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cu. sec.) at normal water level, 
i.e. 330-70 m. This discharge will 
be increased to 1,900 cu. m. per 
sec. at a water level of 331-7 m. 
and 2,700 cu. m. per sec. at the 
crest level of the dam. 

On the left bank the discharge 
tunnel affords an additional out- 
let for 1,300 cu. m. per sec. 
(45,908 cu. sec.) at the crest level. 
In addition, a bottom discharge 
outlet situated in a diversion tun- 
nel driven through the right bank 
allows for a further escape of 600 
cu. m. per sec. (21,188 cu. sec.) 
at normal water level. 

The dimensions of the power 
station are notable, the length be- 
ing 143 m. (469 ft.) while the 
breadth and height are each 23 m. 
(or 75 ft.). It is constructed of re- 
inforced concrete throughout. 
There are six main intake towers 
which are semi-cylindrical in 
shape and are integral with the 





Fig. 7. Further view of alternators from above 
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dam; they are constructed in re- 
inforced concrete and are 39 ft. in 
diameter and 147 ft. high. Thei: 
entrances are protected by coarse 
mesh grating with the rods spaced 
4 in. apart, each grate having an 
area of 2,530 sq. ft. The fact that 
there are six towers means that 
a further unit can be added if re- 
quired. Two additional intake 
towers have been provided for the 
auxiliary sets and have been built 
in the rock on the right bank. 
The total surface for the grates of 
these two towers is 861 sq. ft., the 
rods being spaced 1-38 in. apart. 
The pipelines for the main units 
consist of reinforced steel-plate 
sections welded and riveted to- 
gether, the inside diameter being 
18 ft. 10 in. and each being 187 
ft. long. For the auxiliaries the 
steel plate pipelines have a 
diameter of 44 in. and are 233 ft. 
long. In all, the pipelines with 
their avcessories weigh 2,15 short 
tons. Excavation work for the 
dam and abutments necessitated 
the removal of 202,740 cu. yards 
of material, and to accommodate 
the buildings and the spillway on 
the right bank 588,600 cu. yards 
had to be removed, while the dis- 
charge tunnel on the left bank 
involved the removal of 58,860 
cu. yards, making a grand total 
of 850,200 cu. yards. Some 
832,000 cu. yards of ordinary 
cement concrete were used and 
45,780 cu. yards of reinforced 
concrete, the dam and abutments 
accounting for 575,520 cu. yards. 
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Fig. 8. Downstream view below the dam and power station 


Artificial and slag cement needed for the preparation 
of this concrete totalled 209,437 short tons and 10,140 
tons of steel reinforcing bars were consumed. 

The turbines, which are five in number, are cap- 
able of developing 100,000 h.p. each when operating 
under a maximum head of 69 m. (226 ft.). The rated 
capacity, however, is 90,000 h.p. at a head of 64-5 
m. (211 ft.) when discharging 120 cu. m. per sec. 
(4,237 cu. sec.), the efficiency at this head and output 
being 92 per cent. They are vertical axis Francis- 
type machines having a normal speed of 150 r.p.m. 
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and a runaway speed of 300 r.p.m.; their diameter 
is 4-2 m. (13-78 ft.) and their weight is 38-6 short 
tons. The sheet-steel scroll cases weigh 220 short tons 
each. The hollow vertical shafts which are of forged 
carbon steel have an external diameter of 33-5 in. 
and an internal bore of 8-65 in., the overall length 
being 34 ft. and the weight 66 short tons. Control 
of the turbines is effected by butterfly stop valves 
having an internal diameter of 17 ft., each being 
operated by means of three servo-motors. Regulation 
is secured by pendulum-type governors operating 
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Fig. 9. Transformer bay, Génissiat 


through two servo-motors. When complete and in 
working order the total weight of each turbine with 
its valve and accessories is 1,075 short tons. The 
three-phase generators are provided with thrust bear- 
ings at the upper part of the rotor and having a rated 
capacity of 65 MW (70 MVA at 0-93 pf.) at 15 kV 
The total weight of the rotor without the exciter is 
441 short tons, the forged steel shaft accounting for 
37-5 tons and the spider and cross bar 30 tons, the 
diameter being 23 ft. Oil-pressure-operated jacks are 
fitted to lift the thrust bearing from its bed and the 
brakes consist of 16 pads faced with asbestos com- 
pound shoes. The stator has star-connected windings 
with nine terminals, each phase being divided into 
two parallel windings. The overall diameter is 37:7 ft. 


and the total weight, which in- 
cludes 20 tons of copper wind- 
ings, amounts to 342 short tons. 
The main exciter has a maximum 
output of 1,125 kW and the pilot 
exciter an output of 5 kW at 250 v. 

Two auxiliary sets are provided 
of 1,750 kW capacity each. They 
are powered by 2,500 h.p. Francis- 
type vertical axis turbines operat- 
ing under a head of 188 ft.; they 
have a speed of 600 r.p.m. and 
are controlled by Butterfiy stop 
valves. The main _ transformer 
equipment consists of five three- 
phase units rated at 70 MVA and 
stepping up from 15 to 220 kV. 
They are naturally cooled up to 
50 per cent. load after which 
forced air cooling is employed. 
Each unit weighs 234 short tons 
and is 26:2 ft. high over the ter- 
minals, 26:2 ft. long and 19-7 ft. 
wide. The auxiliary transformer 
consists of one 5 MVA unit step- 
ping up from 5 to 15 kV and six 
0-5 MVA units transforming from 
5 to 0-4 kV. 

Two main travelling cranes are provided having a 
full-load capacity of 248 short tons each or 452 tons 
when coupled. Each is electrically driven and 
equipped with two hoising winches which may be 
coupled together or operated separately. In addition 
there is an auxiliary hoist having a capacity of 22 
short tons running on special rails inside the girder. 
Also there are four pillar cranes situated in the main 
turbine house for handling heavy parts of components 
during erection, maintenance or repairs. Two of these 
run along the upstream wal! of the building and the 
others along the downstream wall. Each has a rated 
capacity of 17-6 short tons so that when coupled 
together they are capable of lifting 66 short tons. 
(To be continued) 





Book Review 


Jagdish Lal. Die Kennlinien einer Freistrahlturbine 
im Triebgebiet sowie im Bremsgebiet und die 
Wirkungsgrade im _ Triebsgebiet. Published by 
Springer-Verlag, Mélkerbastei 5, Vienna 1, 1952. 
Paper cover, 118 pp., 57 ff. Price 25s. 

The author examines an impulse turbine (Pelton 
Wheel) in the normal range of velocities between 
u=0 and u=Unax (u=peripheral velocity), but also 
for velocities u<0 and u>Unax. The case u<0 cor- 
responds to buckets moving towards the jet velocity; 
the case u>Unax to the jet impinging on the back of 
the bucket. 

Numerous data have previously been published on 
impulse turbines for the range 0<u<Un,x but very 
little was known about the other two fields, which are 
especially investigated herein. 

The first part of the paper is a theoretical study of 
Pelton wheels for all three ranges of velocities, includ- 
ing the modern theory of turbine efficiency for the 
normal range of velocities (29 pages). The second part 
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(84 pages) describes the model tests which were made 
to check the theoretical part. This second part includes 
a detailed comparative study of theoretical and 
practical results. 

The last pages are devoted to the possibility of 
rapidly braking Pelton wheels. Two solutions are 
possibie according to the two cases u<0 or U>Unax. 
The author gives details of the conditions under which 
turbines could be braked and, after reversing (by 
changing the sign of u), used to synchronise the 
generator, working as a motor to start a pump. 

This book has been submitted as a thesis to the 
Swiss Institut of Technology, Zurich. 


Corrosion Limited announce the introduction of what 
they term “Glopane Wet,” this being an extension 
of their cold galvanising technique which has been 
designed for application to wetted iron or steel sur- 
faces which may actually be under water. It is claimed 
that this type of galvanising gives excellent anti- 
corrosion protection. 
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A Fourneyron Turbine 


Gunnar Englesson, Trollhattan, Sweden, gives particulars of 
the design and performance of a turbine which has just 
been replaced after 100 years’ successful service. 


HE older types of slow-running waterwheels 

frequently had a long span of useful life. In an 

article* entitled “Origins of Water Power,” Mr. 
P. Wilson described a waterwheel which had driven 
a tilt hammer more than 300 years, from 1600 to 
1921, although the rather modern steel-plate design 
suggests that this unit has been rebuilt and modernised 
several times during this long period. 

The fast-running water turbines in which the kinetic 
energy is utilised cannot yet show such a long life- 
time simply because the first efficient turbine was not 
invented until 1827 by the Frenchman Fourneyron. 
This turbine was of a centrifugal type with the water 
entering axially and then passing outwards in a radial 
direction through a runner completely filled with 
water. The direction of water flow was thus arranged 
reversely to that of modern turbines of Francis or 
Kaplan design. Both with regard to efficiency and 
good regulation of the water supply this turbine was 





* WaTeR Power, August 1952, page 311. 
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superior to the Jonval turbine, of axial type, invented 
ten years later—1837. The main reason why the 
Jonval turbine became a very great competitor to the 
Fourneyron was the fact that it could be provided 
with a draught tube. 

According to the preserved order books and draw- 
ings of Nydqvist & Holm A.B., this firm delivered 
in 1852 a Fourneyron turbine to Gullered flourmill 
situated six miles from Trollhattan in Sweden. This 
turbine remained in operation until the spring of 1952 
—a period of 100 years—when it was taken out and 


Fig. 3. Runner with shaft 
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replaced by a modern one. As it is 125 years since 
the first turbine was ever made, it is doubtful whether 
this effective lifetime can at present be beaten. 

Fig. 1 shows the unusual design of this machine. 
In order to regulate the water supply, the Fourneyron 
turbine was usually equipped with a ring gate, con- 
sisting of a smooth cylinder sliding in the space 
between the distributor and the runner. There is no 
such gate for this turbine, but the distributor covers 
B, provided with vanes, is axially movable in relation 
to the outer stationary ring C, thus enabling the water 
supply to be shut off either com- 
pletely or partially. Because of 
the upward thrust of the water 
the distributor cover and the 
runner will naturally be raised. 
The gate opening is thereby deter- 
mined by the turning of the 
regulating screw placed at the 
upper end of the turbine shaft. 
Grooves are cut in the ring C, into 
which the distributor vanes fit, 
hence securing cover B so that it 
cannot turn. The guide bearing 
for the trunnion of the distributor 
cover is supported by two arms 
connected with the ring C. The 
arms are of such a shape that 
they will pass through the vanes, 
and the distributor cover B is 
provided with a lignum vitae step 
bearing for the turbine shaft. The 
turbine was designed for an out- 
put of 12 h.p. at a net head of 
9 ft., the speed being 150 r.p.m. 

By studying the order books 
and investigating the dismantled 
turbine it was found that of the 
principal parts only the distributor 





Fig. 5. Runner revolving with distributor fully opened 
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vanes had been renewed. These were originally 22 in 
number but had been cut off and replaced by 11 
vanes, riveted to the cover. At the outer periphery 
are the runner vanes in surprisingly good condition. 
At the inlet edges, however, they are damaged in two 
places, probably due to logs and the like which have 
entered with the water stream. Further, it was ob- 
served that some of the axial grooves for the vanes 
in the outer ring C were rather badly worn off radially 
and some of these grooves cut right through the ring. 
On the same occasion it was ascertained that the 





turbine dimensions and design 
were in strict accordance with the 
preserved working drawing. Figs. 
2 and 3 show photographs which 
were taken of the dismantled 
turbine. 

Fig. 4, taken in 1948, shows the 
turbine immediately before the 
runner starts revolving. The tan- 
gential direction of the water as 
it leaves the runner vanes can 
clearly be seen. During running, 
the conditions will be quite dif- 
ferent. The whirl produced in the 
distributor is absorbed by the 
runner and the water is discharged 
radially (Fig. 5). 

It is of interest to know the 
efficiency which the designers esti- 
mated to be obtainable with these 
turbines, for at that time engineers 
had not elaborately - equipped 
testing stations and laboratories 
at their disposal as is the case 
today. On one of the drawings of 
a Fourneyron turbine for Tollered 
spinning mill is the remark 
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“ Erected 1853; gives 78 per cent. output.” The word 
efficiency did not exist at that time, at least not in 
the Swedish language. This figure appears to be rather 
high for a turbine built a century ago, but further 
inquiries revealed that a prominent engineer, J. E. 
Cederblom (Professor in Applied Mechanics at the 
Royal Institute of Technology of Stockholm during 
the period 1877-99) had tested this design. The out- 
put was 78 h.p. at a net head of 22 ft. 4 in. and at a 
speed of 118 r.p.m. The inlet diameter of the runner 
was 3 ft. 84 in. and the width was 5,5, in. His test 
results are to be found in a paper entitled “ Report 
of experiments with turbines carried out by J. E. 
Cederblom, engineer of Jernkontorets mechanical 
department. The editor of this publication made the 


following interesting comments on the test conducted 
at Toliered: 

“Regarding the Fourneyron turbine for Tollered, 
which Mr. Cederblom tested, no comparison could 
be made between calculations and experiments, be- 
cause no drawings of the turbine were received. The 
results of tests giving up to 78 per cent. output shows, 
however, that the design of the turbine was good, 
and that this type of turbine is to be considered to 
be among the best.” 

The high efficiency obtained with this turbine 
evidently attracted great interest among the turbine 
specialists in Sweden. It is also noteworthy that the 
turbine had been in operation ten years at the time 
when the tests were carried out. 





Water Power 


HE Northern Aluminium Co. Ltd. are sponsoring 
e colour film to tell the story of how their product 

is manufactured and this, of course, makes an 
absorbing tale on its own merits, but to the hydro- 
electrical engineer the main focus of interest lies in 
the enormous blocks of water power which have had 
to be developed to bring the aluminium industry into 
being. In the Saguenay area of Canada some two 
million horse-power are being applied to the extraction 


for Aluminium 


1,500 ft. long. This will seal off the eastern exit of an 
extensive chain of lakes the waters of which will be 
raised to 2,800 ft. above sea level. Instead of the flow 
being in an easterly direction as at present, however, 
the entire drainage system will be reversed so that 
the discharge will be diverted to the western water- 
shed of the Rocky Mountains and flow into the Pacific 
Ocean. The diversion tunnel for the Nechako river 
has already been completed and work is in progress 
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Schematic diagram showing Nechako dam in relation to the storage lakes, power house and aluminium 
works at Kitimat 


of aluminium from bauxite, but this is not sufficient 
and the film describes the latest scheme which Canada 
is devising to provide a further enormous block of 
power in British Columbia. Here some 1,650,000 h.p. 
will ultimately be made available but the initial 
generating station will be equipped with three multiple- 
jet Pelton turbine sets each of 150,000 h.p. capacity. 

This project is divisible into three main parts: the 
creation of a series of lakes and reservoirs by building 
a dam across the Nechako river; driving a tunnel to 
connect with the power house at Kemano on the other 
side of the watershed; and building a smelter at Kiti- 
mat, about 50 miles distant from the power station. 
The dam across the Nechako canyon will be the third 
highest rock-fill dam in the world—300 ft. high and 
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on the dam. The western flow of the water will be 
carried by a tunnel 10 miles long and 25 ft. in diameter 
and the powerhouse chamber, which will be under- 
ground and excavated out of the rock, will be 100 ft. 
high, 80 ft. wide and 700 ft. long. When the power 
potential is fully developed this chamber will need 
to be 1,100 ft. long and will accommodate sixteen 
122,000 kVA generator sets. 

The transmission of this power to the smelter at 
Kitimat involves some tricky problems as the 52-mile 
overhead line will have to traverse the Kildala pass 
at an elevation of 5,300 ft. To withstand icing loads, 
steel reinforced aluminium cables 2-26 in. diameter 
will be used, designed for 300 kV. It is believed 
that this is the largest cable of its kind ever made. 
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Earthfill in Wet Weather 


Placing the impervious core for an earthfill dam is 
no simple task during the abnormally wet winters of 
the Pacific Northwest; this had, however, to be done 
to meet construction schedules for the 4,000,000 cu. 
yard Yale Dam of the Pacific Power and Light Co. 

Early plans for Yale Dam called for a rockfill 
structure, and work was already substantially under 
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from flooding by a curtain of sheet piles driven in 
down to the rock. 

The power house proper is a reinforced-concrete 
building 70 x 17:25 m. with a height of 20-25 m. be- 
tween the floor and the girders carrying the roof; two 
travelling cranes, 75/10 ton and 75 ton respectively, 
permit, when coupled, the heaviest parts of the equip- 
ment (135 tons) to be handled. The foundations are 
built on the rock, either direct or supported by 
Franki piles. A bridge, 72 m. in length with a 6 m. 
wide roadway between two 1:7 m. wide footways, 
had to be built across the intake canal just upstream 
of the power house to connect with the road which 
crosses the river on the crest of the dam; this bridge 
was put into service last April. 
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way when the engineers found that an uneconomical 
amount of rock would have to be handled, owing to 
its breaking too finely. So plans were shifted to con- 
struction of an earthfill. The primary factor that made 
the winter work possible was the discovery close at 
hand of an impervious torrential conglomerate which 
could be worked in all but the wettest weather; this 
material is almost perfectly graded for maximum 
density, weighing 125 to 130 psf., so that natural 
water content is kept to a minimum, and there is 
almost no shrinkage on drying and little bulking on 
wetting. 

The appended diagram shows the Yale Dam struc- 
ture in all the details of its cross-section; the most 
interesting feature is the downstream sloping imper- 
vious core which was selected so as to utilize the 
continuous compactive action of random fill in order 
to ensure maximum density. This, at the same time, 
reduces the volume of select fill to a minimum. 
(Engineering News-Record, Vol. 149, No. 6, Aug. 
7, 1952, p. 49, 2 pp., 5 ff.) 


The Liége-Monsin Hydro-Electric Plant 


This is one of two run-of-river plants now under 
construction on the Belgian stretch of the Meuse for 
the “ Société Liégeoise d’Electricité,” with a planned 
aggregate production of 100,000 kWh of which 
Liége-Monsin will ensure about two-thirds. The 
plant, on which work started in March 1950, is located 
on the left bank of the Meuse in the prolonged axis 
of the Monsin dam. The installed capacity will be 
27,300 h.p. in three 9,100 h.p. sets running at 65-2 
r.p.m. Excavation work, which is to reach a depth 
of 18 m. below the river level, amounts to 110,000 
cu. m. of clay and gravel, and 14,000 cu. m. of 
sandstone and schist; the excavation site is protected 
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The vertical alternators are coupled direct to 
Kaplan turbines of the adjustab'e-blade type; there 
are but two bearings to each set, one immediately 
above the runner of the turbine, and the other in 
the bottom cross-head of the alternator. This 
arrangement reduces considerably the length of the 
shaft line as well as the height of the superstructure. 

Each turbine can be isolated, whenever required, 
from both head and tail race by means of coffer- 
dams provided in the immediate vicinity of the piant; 
these cofferdams can be brought into position in a 
very short time with the help of gantry cranes of 
an appropriate design. The first turbine is to begin 
operation about the end of March 1953, and the 
second and third in December of the same year. The 
hydro-mechanical parts of the plant are being sup- 
plied by the Neyrpic concern of Grenoble. (Lucien 
Biquet, Bulletin Technique de [Union Gramme, 
No. 11, 1952, p. 25, 6 pp., 6 ff.). 


Closing Fort Randall Dam Hydraulically 

Making the closure of a big earth-fill dam is the 
most critical stage of its construction; such closures 
are, as a rule, made either by the trestle-dump method, 
by cableway, or by floating pontoon bridge. But, last 
June, at Fort Randall, at a time the river flow was 
no less than 30,000 cfs., the contractors and Army 
Engineers threw away convention, and closed the 
Missouri River by an ingenious method never before 
attempted on such a large scale. It entailed the 
hydraulic placement of a combination sill-and-weir 
section of dredged chaik-fill on top of a previously 
blanketed river bed up to about 1 ft. above river 
level, and then building the diversion dam to a safe 
height with dump trucks. Closure was made in three 
stages: First a 1,000-ft. wide by 34 to 6-ft. thick 
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chalk blanket to stabilise the river bed; second, a 
400 x 6-ft. sill, and third, a 200 x 6-ft. broad crested 
weir with a 10 x 2-ft. crest section, all placed hydrauli- 
cally. An additional 20 ft. of dumped chalk-fill was 
added by trucks to complete the diversion dam. As 
a safeguard, however, materials for a timber trestle 
were stockpiled at the site to permit closure by the 
trestle-dump method, should the hydraulic method 
have proved unsuccessful. Otherwise, closure might 
not have been made this year, and an entire con- 
struction season lost. (Engineering News-Record, 
Vol. 149, No. 7, Aug. 14, 1952, p. 37, 4 pp., 7 ff.) 


Double-ended Substation—Economy or 
Luxury? 

This article reviews in their various aspects the 
advantages and disadvantages of this type of sub- 
station which is defined as a substation equipped with 
two transformers feeding two sections of low-voltage 
switchgear separated by a normally open tie breaker. 
In such substations the two separate units may be 
installed face to face with a common operating aisle 
and a low-voltage bus run tying the two units to- 
gether, or the two units may be located some distance 
apart and tied together by lengths of low-voltage 
cable. In either case the single-line diagram is essen- 
tially as shown in Fig. 1. 
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It is claimed that this system considerably increases 
reliability by providing emergency service for two 
basic failures: (a) failure of one transformer; (b) 
failure of one incoming line. 

At this point, the question arises: Is the increased 
reliability worth the greater expenditure? The writer 
demonstrates that if the substation as illustrated in 
Fig. 1 were built as two single-ended units, the three 
75,000 amp interrupting capacity breakers could be 
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eliminated; the single-line drawing of this unit is 
shown in Fig. 2. 

There is no question that the economy resulting 
from the setting up of two single-ended units instead 
of one double-ended substation is effected at the ex- 
pense of reliability, but can this reliability be regained 
in single-ended units at a more reasonable cost. The 
author advocates the primary selector switch shown 
in Fig. 3, as a direct and economical way of providing 
for primary cable failure; on the other hand, if trans- 
former failure is still a worry, a small part of the 
savings realised by using single-ended units might 
well be invested in a spare transformer which, in 
addition, would always. be available to provide extra 
transformer capacity whenever needed. 

In certain cases, the double-ended unit is the only 
satisfactory means of meeting certain load conditions. 
Before a final decision is made in favour of double- 
ended units, their cost should be carefully compared 
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with that of two single-ended units. (J. V. McGuire, 
Allis-Chalmers Electrical Review, Vol. XVII, No. 2, 
2nd Quarter 1952, p. 10, 3 pp., 6 ff.) 


The Nechako-Kemano-Kitimat Project 


This project, which will make the Aluminium Com- 
pany of Canada the largest single producer of alu- 
minium in the world, includes the construction of the 
greatest hydro-electric power development ever 
financed by private capital, with an ultimate firm 
capacity of 1,200,000 kW and installed capacity of 
2,240,000 h.p. The smelter and its attendant services 
will be set up at Kitimat, 500 sea miles north of 
Vancouver. 

The selection of the Kitimat-Kemano area for the 
general site of operations was based primarily on the 
general physiographic features of this area; the area 
enclosed by Tweedsmuir Park includes three principal 
watersheds of which Tahtsa and Nechako provide 
head-water tributaries to the Fraser River through 
chains of long, narrow and deep lakes, while the 
Nanika-Kidprice system, which is _ considerably 
smaller, drains via Francois Lake to the Skeena. 

The whole scheme comprises the impounding of 
all waters to an elevation of 2,800 ft. above sea level 
by means of the Kenney Dam (see WATER Power, 
August 1952, p. 283), in the Nechako River Canyon, 
and there will thus ultimately be formed a continuous 
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reservoir from the head of Tetachuk Lake to the 
intake works at the head of Tahtsa Lake, a total 
distance of nearly 150 miles. Dating from the 
scheduled closing of the Nechako diversion tunnel 
in September of this year, it is expected that the full 
reservoir level will be reached in June 1957. A spill- 
way with a capacity of 30,000 cusecs will return the 
water in excess of reservoir requirements to the 
Nechako River at a point some five miles below 
Kenney dam. 
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the largest rock-fill dam in Canada; the height allows 
a 7 ft. flood surcharge above full reservoir level, with 
13 ft. freeboard, while a super-elevation of 5 ft. in 
the middle of the crest will allow for settlement. The 
total volume of material required is estimated at about 
3,700,000 cu. yards. 

Two 25 ft. diameter horseshoe-section power 
tunnels, 10-1 miles long, and spaced 300 or more 
feet apart, will ultimately convey the water from the 
intake works at the west end of Tahtsa Lake to the 


12) 500 1,O0OOFT. 





— FOR PENSTOCKS | AND2 


~~ 




















+4 4d INVERT SLOPE 
A B 0-0025 DOWN 
\ NEAT LINE OF 
EXCAVATION 
ENL ARGED STEEL SETS= 
SECTION A.A. 


UNSUPPORTED SECTION 





ENLARGED 
SECTION BB. 
SUPPORTED SECTION 





PROJECTED POWER 
TUNNEL N&2 


ae 








VALVE CHAMBER POWER HOUSE 


A B € RUNNER 210FT. 
Eai-a2rt. 7 3 2 


















































\ Nannon = il Z 
PENSTOCK N°3 Seis - 
I4FT. xIGFT. ACCESS ADIT VALVE Jt | (aE TAO. 
FOR PENSTOCKS N°! AND N22 CHAM 
featsainencecatcnile * I 245 6 HIGH VOLTAGE 
POWER : CABLE TUNNEL 
TUNNEL NS! 4 <= \ PORTAL BAVERT > 5 & 
—— 74 FT. 3 Co 
; _ L6 = a TAILRACE 
SURGE PENSTOCK N&I=~ = ‘ TUNNEL 
re POWER HOUSE" VENTILATION TUNNEL 


General arrangement of power house and penstock excavations, Nechako-Kitimat project 


The Nanika diversion entails the construction of 
a tunnel 13 ft. in diameter and 3-8 miles long in order 
to drain Nanika and Kidprice Lakes to the main 
reservoir at Tahtsa Lake; this diversion also requires 
a dam at the outlet of Kidprice Lake in order to 
impound the waters of this relatively minor system 
to El. 3106, that is, 10 ft. above its natural level. 
This, like all dams constructed for the project, will be 
of the rock-filled impervious-core type. 

The Kenney dam, scheduled for completion at the 
end of this summer, is the main impounding structure 
of the whole scheme. Rising 324 ft. above bedrock, 
and with a length of 1,550 ft. at the crest, it will be 
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turbines; No. | tunnel, the more northerly of the two, 
is now being driven, and work on No. 2 will start 
whenever the power demand appears to be indicated. 
At the west end of No. 1 power tunnel there is to be 
a surge shaft driven as a raise to about El. 2880; 
water will be divided between the two 11 ft. main 
steel penstocks by a Y-branch slightly downstream 
from the surge chamber, and each penstock will be 
controlled by an oil-actuated butterfly valve fitted 
300 ft. below the Y. Ultimately No. 2 tunnel will feed 
a similar system of penstocks. 

The underground power house at Kemano will be 
built in two stages; after completion of the initial 
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stage, the main generating 
chamber will reach a length of 
700 ft. and house eight of the 
sixteen power units contem- 
plated at the final stage, when 
the length of the chamber will 
be 1,100 ft. Each unit will con- 
sist of a vertical single-runner 
four-nozzle impulse turbine 
rated at 140,000 to 150,000 h.p. 
at 327 r.p.m., and of a three- 
phase, 60 cycle, 13,800 V, 0-8 
p.f. generator rated at 106,000 
kVA at 60°C. to 122,000 kVA 
at 80°C. temperature rise. 
Transformers will be located in 
the power plant on the down- 
stream side of the generators, 
each pair of which will feed to 
a bank of three single-phase 
71,000 — 89,000 kVA units 
rated at 301 kV. The output of 
the transformers will be de- 
livered to the switchyard at 
surface through power cables 
carried on racks in a tunnel designed for this purpose. 
It is expected that the first three generating units will 
be ready for operation in May 1954. 

The Kemano-Kitimat transmission line follows a 
range of narrow valleys which afford only limited 
space; the most difficult section, from both design 
and constructidh aspects, follows a narrow pass be- 
tween the Kemano and Kildala valleys at an elevation 
in excess of 5,000 ft., where snow may lie 20 ft. or 
more deep during winter months. The Kemano and 
Kitimat sections, of 9 and 30 miles respectively, will 
be double-circuit lines each with six 1-545 in. diameter 
aluminium conductors weighing 2-032 Ib. per lineal 
foot; the Kildala pass section, 10°6 miles long, will 
be a single-circuit line with three conductors 2-295 in. 
in outside diameter, and weighing 4-77 lb. per lineal 
foot. 

An extensive network of service and transport roads 
is being developed so as to make full use of existing 
railway stations, as well as of ocean navigation where 
available. Eventually, with the filling of the Nechako 
reservoir, boats will be able to travel continuously 
from the Nechako dam to West Tahtsa. (H. R. Rice, 
Canadian Mining Journal, Vol. 73, No. 6, June 1952, 
p. 79, 8 pp., 11 ff.) 
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Trends in Dam Building 

This is a comprehensive review, by a leading Ger- 
man expert, of the development of dam construction 
in recent years, with special reference to rock-fill 
dams and concrete storage structures. The author 
first examines the part played by dams in water and 
energy supply, and strongly favours the setting up of 
multi-purpose dams; the evolution of dam design is 
then exhaustively discussed with the help of 
numerous photographic and line illustrations. The 
appended diagram shows the cross-section and main 
characteristics of French dams recently built or in 
course of construction. 

Further sections of the article deal with the mono- 
lithic action of concrete dams, construction and ex- 
pansion joints, and the various problems arising out 
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of the use of concrete and cement in dam construc- 
tion. (Professor Dr.-Ing. F. Télke, Karlsruhe, Die 
W asserwirtschaft, Vol. 42, No. 4, January 1952, p. 
89, 32 pp., 67 ff.) 


Anchoring Spillway Walls to Chalk 

Seeking a quick way to drill 1,000 belled-bottom 
holes in Fort Randall dam’s peculiar chalk forma- 
tion, the contractor built a rig of a special type which 
was used for similar construction in the dam’s outlet 
channel two years ago. These holes are to contain 
anchor bars that will tie the concrete spillway-chute 
walls back to the chalk. 

Two cut-chalk faces, each 60 x 587 ft. in area, will 
be covered by the tied-back walls; anchorage holes 
are 22 to 32 ft. deep, spaced 8 ft. both ways. About 
8 in. in diameter, the holes are belled out to 18 in. 
diameter at their bottoms; the bars are 2 in. square, 
with 4 in. washers welded to their ends. In place, 
they are grouted to complete the anchorage; in tests, 
bars have broken while their anchorage remained firm. 

This drill rig consists of a triangular tower inclined 
4 to 1, so as to correspond with the cut-chalk slope, 
and the drill mount rides up and down on a forward 
column of the tower perpendicularly to the face. The 
tower is supported by a skid platform that also carries 
a compressor, and a length of pipe standing in the 
tower acts as an auxiliary air receiver. 

The rotary drill has a bit with hinged teeth; when 
the bottom of the hole is reached, the drilling rotation 
speed is increased, then centrifugal action causes the 
teeth to spread, gradually reaming out the bell. 

The light-weight construction resulting from the 
application of this method of drilling is claimed by 
U.S. Army Engineers to save more than $357,000, 
compared to the cost of gravity or cantilever retaining 
walls. (Engineering News-Record, Vol. 149, Sept. 4, 
1952, p. 77, 1 p., 1 f.) 





Electropower Gears Limited have appointed Smail, 
Sons & Co. Ltd., of 62 Robertson Street, Glasgow, 
C.2, and of Edinburgh, as their technical representa- 
tives throughout the whole of Scotland. 
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